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ERRATA. 

Page 33. 1. 8. nuas removed, read ^were removed. 
«— 41. 1. 19. hi dedie^ read iirdedte, 
■ 54. 1. 15. ^Iq/fiCf read tnelaftie. 
j4-^ J^. 1. io: ^dlr/y reld ^^'n. 

• 1 < * *■ '* Do. 1. a6. 71(010, read Tivm^r. 

• # 

• I * 58. 1. 5. bnntingt rtzd hunting. 
— 6j. 1. 16. L7«y. r^Vng. 

--~ 63. 1. 13. Ittculatiott^ read Infuiation* 

ANALYSIS. 

^*ge 79- J» 3- ON THE, read of the. 
■ 80. I, 3. produce, read produces* 

^-"-— 85. I. II. Animaly Kad Mineral. 

•-_ 94.. I. 14.. Bongouer, read Bougouer, 

—105. 1. 27. exerts, xt^A exert, 

—109. 1. 15. Tripotium, rtdA TrifoUum. 

■— Do. 1. 16. Z./V*^» 'vertriUatus, read virticillatus* 
■^122. 1. 19. menifeus glafs, vc^A as a ivatch gktfs, 
— 122. laft 1. plane con^veXi vt^ plano^con'oe^p 
—133. 1. 13. Lieberkuleny rcsd Lieberkubn. 
Ditto 1. 20. Ditto Ditto. 

•I 54. 1, 7. infringes, re^d impinges, 

—168. 1. 7. Schenchxer, read ScbeucbzeTp 
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ADVERTISEMENT. 



MEDICAL ELECTRICITY. 

A H E benefical efFe£ls which have been 
experienced by the application of Eleftri- 
city in a variety of difeafes^ render it necef- 
fary for every praftitioner to medicinally 
examine this pervading principle. 

As the knowledge of this branch of phi- 
lofophy is yet in its infancy, it requires the 
united obfervations of many individuals 
before its influence on our organization can 
^e \j^ell afcertained. Every complaint in 

which 



1 



( iv ) 

Mfhich it may be advantageoufly employed 
fliould be accurately charafterifed, and its 
efFeft in every ftage of the difeafe care^ 
fully ftated^ 

With fuch a profeflional confiderationy 
Mr. Wilkinson, Surgeon, has fitted up at 
his Houfe, N** lo, Leicefter^Street^ Leicejler-' 
Square, an appropriate and extenfive Apr 
paratus : by employing Eleftricity on fo 
Jarge a fcale, he flatters himfelf he fliall here- 
after be enabled to fp^k^ fome wfeful ipfey. 
ences. 

Every Cafe he^ purpofes accurately tp 
mark down, to obferve the ftated periods 
Tv'heia any efFefts are induced, the degree 
of power employed, ^nd the reqpifitp time 
fpr its applicatiop particularifed. 

To accorpmodate thcfe who prefer thp 
jji{imi;iiIlration of Ele8ricity at their own 

hpufes, 
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houfes^ Mr. W. has arranged a number of* 
portable eleftric Machines^ which he equally 
fuperintends. 

Terms for Attendance. 

To be eleftrified every Day at the Medico- 
eleflrical Rooms^ one Guinea per Week. 
To be accommodated with an Apparatus at 
their own houfes, and there attended daily, 
two Guineas per Week. 
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PREFACE, 



THE cfFecls of Ekdlricity in the cure of dil^ 
eafes being by fome difputcd or even denied, 
it becomes an objeiSl worthy of enquiry what cre- 
dit is due to flich infinuations, and whether the 
truth of the remark, if admitted, may not be found 
to arife from fomc irregularity or negledl in the 
mode of its admirti ft ration. As an agent in nature 
few will deny its influence ; and the experiments 
which have been made by Ingenhouze, Beccaria, 
Bohadfch and others, fufficiently evince its efFe<?:g 
on animated matter. With regard to its medical 
utility, a variety of cafes may be adduced in illuf- 
tration of its cfFeAs, and in tcftimony of its falu- 
tary and fuccefsful application, where the moft ce- 
lebrated and powerful medicines have bccnxunpro- 
iitably employed. How then, ^t will naturally be 

B alkcd. 



VI PREFACE. 

aiked^ is the ufe of that remedy difcontinued or 
at leaft ncgledled, when fo much can be faid in its 
favour ? I reply to this qucftion, by admitting that 
in a variety of complaints it is of no ufe, and that 
even in thofe inftancci where it may be with pro- 
priety recommended, it caft afford no relief unl^fs 
judicioufly applied. We can certainly not be at a 
lofs to account for its being confidered a precari- 
ous remedy, when we recoiled how often it is 
entrufted to perfons who are not acquainted with. 
Anatomy or with difeafes, and whofe pradice may 
be comprehended in this fentence, " I cledrify 
"patients;" or who can perhaps add to the lift 
of their qualifications bleeding, cupping, and all 
operations of the Teeth, I beg I may not be con- 
fidered as having any * perfonal allufion in making 
this remark, which proceeds from daily obferva- 
lion of thefe circumftances. At prefent there arc 
many praftitioners in this metropolis well ac- 
quaintecj with their profeflion, who have applied 
Electricity with projpriety and fqccefs. Mr, 

* We may venture to blame even fome judicious practi- 
tioners for their inaccuracy in this refpeft, -^r moft writers 
on this fubjeft have contented themfelves with faying, 
*• Eleftricity was applied," inftead of mentioning the mode 
or the continuance ; whereas it is certain that it varies ac^ 
cording to the manner in which it is applied, as much as 
'jinv two medicines in the materia medica* 

Birch 



PREFACE. VU 

Birch lias enriched the records of medicine with 
many ufeful fad:s and o'bfcrvations relative to 
this fubjecft, and fhewn by fome pra^ftical argu- 
ments the efficacy of this principle; and Mr. A- 
bernethy has bore teftimony to its utility in cafes 
of Pfoas Abfcef§, &c. As there is ftill ample la- 
titude for further enquiry, every thing which can 
contribute to extend its ufe, it is prcfumcd, will be . 
received with approbation, by which perfuafion 
I am induced to inform the public of an eftablifh- 
ment, which has been particularly conftrucfted 
with this view. In order to adminifter Electri- 
city with more regularity and fuccefe, we have 
compleated an apparatus with confiderable ex- 
pence, and by the aid of a variety of inftruments, 
are enabled to applyat in any requilite manner and 
with any degree of power; and as we always 
keep an exacl regifter of the hiftory and progrcfs 
of the difeafe, we are capable of afcertaining its 
amendment with exactitude and precifion. The 
follow^ing cafes will, I truft, evince the advantage 
of this undertaking, and add fomething to the code 
of pradlical intelligence ; and we Ihall feel obliged 
to thofe who will favor us with any communica- 
tions which may improve the fubjed:. ^ 

B 2 
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AK 

ESSAY 

ON THE 

MEDICAL EFFECTS 

OF 

ELECTRICITY. 



IT would exceed the limits and intention of this 
fmall publication to enter into an extenfive 
land critical enquiry of the different publications 
M^hich have been delivered on the effedls of Elec- 
tricity in the cure of Difeafes; nor would it be a very 
profitable employment to the reader to recapitulate 
thofe fads which are recorded in others^ however 
it may be right to premife its general efFefts pre- 
vious^ to the infertion of cafes^ which will be the 
beft confirmation of our remarks. Every one knows 
almoft the efFcdl which is produced ; when an accu- 
mulated portion of this fluid is feht through the 
body, it agitates the frame in fpite of the moft de- 
termined refolution ; when applied in a diminifli- 
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cd ft ate of accumulation to the furface of the 
fkin, for fome time it excites a degree of rednefs 
or inflammation ; hence its ftimulating properties 
<are well known, and many who recommend its 
ufe attribute its fuccefs to this principle; theycon- 
fider it more powerful becaufe more penetrating 
than other applications of a fl:imulating or rube- 
facient natufe. This fuppofition does not appear to 
bcjufl-, as it has often been beneficial in cafes 
where it has been applied without any fcnfible fti-' 
mulus, and indeed admitting the opinion to be 
true, that the human body is fo replete with eledri- 
city, that no additional quantity can be added 
without difpoffefling / that which w^as previoufly 
contained, it will appear evident, that this idea of 
ftimulus is inadequate to afcertain its operation. 
But without entering any further at prefent into 
the examination of this bypothefis, wc will pro- 
ceed to the confideration of its effccfts, when ad- 
miniftered in that form which may moft properly 
be flyled ftimulating, and in this common mode 
of its being applied, fufficient attention has not 
been paid to the peculiar circumftanccs of the pa- 
tient. 

In thofe inftances where there are glandular ob- 
ftrudions, where there is a paralyfis of the deeper 
fcated parts, or where there is an effufion or de- 
polit of matter, the application of Sparks will be 

fdund 



found generally, if not always infufficierit for thd 
purpofe ; it is true it may here be objected that 
the ftimulus is propagated from the furface to thd 
feat of the Difeafe, as when a blifter is applied to 
the pubis or the facrum for a paralyfis of the 
bladder, but this is not a parallel example. We 
know from pretty certain obfervation, that Can- 
tharides have a fpecific adion on the urinary or- 
gans, whilft the efFedl of Sparks applied to the 
fame furface will be that of inflammation of the 
ikin, and determination of blood to that part, and 
hence the ufe of Sparks is not only different, but 
fometimes oppofite to that of fhocks, as we Ihall 
be enabled to prove by fome inftances. 

Another mode by which Eledricity may be ap* 
plied, and which has not been generally introduc- 
ed into pradlice*, is by throwing off the accumu- 
lated portion of an eledrical battery, not by any 
means by a communication with the out fide, and 
thereby giving a fhock, which from an apparatus 
of that defcription would be extremely hazardous, 
but by palling off the ftream by means of a dircc- 
tor : this application df it is extremelj^ Pungent, 
and if perfevcred in for a few minutes, excites a 
confiderable inflammation on the Ikin, hence its 
efficacy in removing the deeper feated pauis, as 
Pleurify, where bliflers though very ferviceable, 
arc too tardy in their operations. In eledrifying 

B 4 the 
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the ear, it is ncccffary to pafs a metallic rod through 
a glafs tube, whofe extremity is adapted to the 
meatus auditorius externus ; this remedy is very 
appropriate to different fpecies of this complaint. 
In that depending on a relaxation of the Membrana 
Tympani, it will be proper to pafs flight fhocks 
through the temples; the moft charadleriftid 
fymptom of this fpecies of deafncfs, h the patient 
hearing better when riding in a carriage, or being 
in any lituation where the Tympanum can be dif- 
tended by the impulfe of the air. In another fpe- 
cies of deafnefs, arifing from a diminiftied fecre- 
lion of the Cerumen, the application of ETedricity 
to the internal part of the ear is wonderfully effi- 
cacious ; indeed it v,'ili be veiy eafy to explain this 
on a phyfiological principJe, for as it b an axiom 
that, caeteris paribus, a fccrction^ is ificreafed in pro-^ 
portion to the quantity of blood determined to the 
part, fo here the effedt takes place, from the irri- 
tation or ftimulus of Eledricity, which if applied ta 
a non-fecreting furface would occafion rcdnefs, fo 
applied to a fecreting membrane it incrcafes the 
difcharge; on this principle Elc<5lricity will be 
found ufeful in thofc cafes where fecrerion is de- 
ficient, and where there is a degree cf ina^flion in 
the veflcls of a part; hence we have adminiftercd 
it with fuccels in Ulcers of the Legs, not by ap- 
plying fparks, however, to the furface of the fore, 

but 



fnit by pafling flight fhocks thro^ the leg above 
and below the Ulcer^ applying one diredor to 
the infide of the calf^ or on any part pf the ga£- 
tro^nennius mufcle, as it will be more fenfibly felt. 
It becomes of confequence to remember, where 
Elaftricity is adminiftered for a confiderable Imgth 
of time, as in paralyfis of the extremitiei^. He- 
miplegia, or more particularly in the paralyfis 
occafioned by lead, to vary the poiition of the 
tiiredors, for the paflage of the fhocks exadlly 
thro* the fame fpot brings on inflammation and ul- 
ceration, which in fbme debilitated conflitutioiis 
produce a difagreeable efFcft. Shocks may be 
ient with perfedl fafety through the brain, though 
not very powerful ones, for though we have in* 
fiances of perfons having received very powerful 
Ihocks through the head> who have recovered from 
the effeds, yet a repetition of the fame violence 
would undoubtedly diflurb the * arrangement of 

^ Dr« Abildgaard has ftiewn by repeated ' experiments/ 
the confequences of fending (hocks thro' the head ; in thof<:^ 
cafe,s» he endeavoured again to roufe the x'ital powers by 
fending {lighter fhocks in the fame dire&ion, yet without 
efFe6): ; but immediately the animal was rcflored, by palling 
ihocks from the Sternum, to the Vertcbrse. 

Queft. Does the cffeft of lightning on the brain, a6t 
in the fame manner as concuiTion ? and if it does, is it 
not probable that the beft means of rcfloring the patient 
ivould be having recourfe to this prafticc of paffing (hocks 
through the Tbor;^k in the dirc£lion of the Heart ? 

that 
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that organ whofe texture we know to be fo dedi- 
cate, and whofe funcflions are often more injured 
.by concuflion than wounds. 

In the cure of that fpecics of blindnefs called 
* Gutta Serena, as alfo in the Hydrocephalus in- 
tcrnus, flight fliocks fent through the head arc 
highly beneficial, and in thefe inftances the ufe of 
iparks is inefficacious. Some time fince it was 
thought Eleftricity might be of fervice in quick-* 
cning the adion of other medicines, or that a 
. difcharge of eledricai fluid from a jar containing 
Ibme particular medicine, would carry fome por- 
tion of the medicine along with it. Dr. Franklin 

tried 

/> * Dr* Darwin recommends its ufe in thofe cafes particu- 

larly, and alfo in catara£ls, as well as fome other affe£lions. 
Ill the parcfis irritativa, he advifes flight (hocks fent thro* the 
ilomach; in fparmodic afFe6lions, Epilepfy, Tetanus, &c« 
he applies this remedy. 

Mr. Cavallo informs us of a cafe where, there was an opa- 
city of the vitreous humour, which was perfeftly cured by 
Eleftricity : but he does not defcribe the peculiar diagnortics 
of this cafe, or what particular manner, or for what conti- 
nuance of time Eleflricity was applied. He advifes as the 
beft mode of application in Gutta Serena, that the fluid 
{hould be drawn from the eye with a wooden point ;* but 
with all deference to his well known abilities, I muft ob-« 
ferve this mode is too mild, a Paralyfis of the Optic Nerve 
will require the exGitement of flight fhocks to reflorsi it» 

.^^^ fenfibility* 
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tried fome experiments of this kind : he tried to 
afFeft the bowels by eleftrifying from a jar con- 
taining fome purgative medicine, but it did nol 
produce the effed ; indeed I am at a lofs to ima- 
gine what elFeft could be cxpefted to arife from 
the fmall portion that could then have been con- 
veyed to the fyftem ; however though in this 
refpedl it will not be found efFedlual, it pofleflcs 
a power of quickening the efFedl of medicines 
otherwife applied. Then if a part of the fkin 
is eledlrified for fome time with fparks, and a 
portion of Cantharides is applied to the part, fooii 
afterwards it occafions vefication in a much (horter 
fpace of time than it would otherwife have done. 
In glandular enlargements about the neck and 
other parts of the body where I have applied 
Elecflricity with very great fuccefs, and where 
Bark and Steel can be adminiftered with advan- 
tage, I am very certain I have feen much better 
effedls arife from their combination tha;i w^ould 
have followed from either feparately * adminiftered. 

Nothing 

♦ This is a circumftance which it is of particular confc- 
quence to recollcft, and it will certainly be found, that in 
a variety of cafes where it has not been fo beneficial, it be- 
comes a valuable auxiliary to other means: thus for inflance, 
in an enlarged Tefticle where no inflammation cxifts, Mer- 
curial Ointment has often been recommended. If this has 

been 
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Kothing can be more comprehcnfible or clea^ 
than the modus operandi in thcfe cafes ; when the 
tumors leflen from tonk: remedies^ it is a confti-* 

tutional 

been continued for fome time without accomplifliing the end 
It was intended, this is often laid afide for fome Simulating 
application ; perhaps £leftncity will here be employed, but 
this appears to me to be the defe6i in the regulation of th^ 
l-emedy. Mercury (hould be ufed conftitut^onally, whilft 
£Iedricity is dire6ted to the part* A perfon taking a certain 
quantity of Mercury for fome weeks, or perhaps lefs, will 
jfind his teeth Idofe ; it is evident therefore that abforptlon 
is increaledi for th« alveolar fockets hare undergone a change^ 
amd it is not confined in its a&ion to any particu^r part, 
but tbe ^Iteration here is a gag« to the ftate of the conilitu<* 
tion* If under thefe circumftances the tumor does not le£^ 
fen, it is evident there is a want of a6tion in the abforbents 
of that part, and this the ftimulus of Eleflricity is befl cal- 
etilated to fupply. That there is a want of a6lion in thefe 
cafes is veiy evident, becaufe in every part of the body, the 
abforbents when in health, have die power to remove any^ 
fluid which may be depofited, and where this procefs doe9 
not go on, there is either a weaknefs, or a difeafe in this 
part of the lymphatic fyftem; in thefe cafes likewife there 
IS always a lofs of fcnfation, in a greater or lefs proportion > 
and there can be no better criterion of the ftate of the Tef- 
tide than its fufceptibility to be affefted by this principle % 
it will be remembered this obfervation is applied to the indo- 
lent, and not the inflamed tumor. If the dirc6lors are applied 
to the part of the Tefticle which is enlarged, little pain is 
Felt in comparifon with the fcnfation occafioned by its being 
direfted to the fpermatic cord. 
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tudonal change, an inercafcd adion being diftri- 
buted throughout the habit. ' Thefe tumors par-, 
take of it in a ratio with the reft of the fyft^m, 
but as thefe being in a ftate of greater inadivity, 
will require greater excitement : that muft be ap- 
plied topically, and therefore Electricity proves 
£b ferviceable. 

But perhaps it will be better to proceed to [Par- 
ticularize thofe complaints in which this remedy 
has been found ferviceable. 

We have already ftated that Eledricity is ad- 
miniftered with fuccefs in paralytic affei5i:ions, 
and it is likewife well known that in thofe com- 
plaints it has often proved inefG^dual ; in order to 
form a determination between thefe different re- 
fults, and account for the uncertainty of the reme- 
dy, we fhould carefully eicamine the different cir- 
cumftances under which it has been applied.. Wq 
ihall firfl then confider 

HEMIPLEGIA. 

This is an afFedion often, if not always brought 
on from fome injury done to the brain: it is well 
afcertained that in fuch inftances the injury is on 
the oppofite fide to that which is become paraly- 
tic. This however is an obfervation that has been 
fometimes contradiAed : at leaft cafes are given 
to prove that the hemifphere of the brain which 

is 
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is afFe(5lcd is not" the fame with that which evinces 
the mifchief ; however the accurate difledlion of 
Morgagni, Valfalva, and Aretaeus, as well as of 
authors of ftill more remote period, prove the 
truth of the former aflertion ; and as we know 
the nerves from their origin to their exit, at the 
foramina of the head decuflate each other, the 
caufe of this peculiarity is eafily afcertained. It 
may be neceffary here to enter into fome inveftiga- 
tion of the effeds which follow from compreflion 
of the brain, and conlider how far the violence of 
the fymptoms are proportioned to the quantity of 
cxtravafation, how far the extravafation is capable 
of being abforbed, and how far the brain is likely to 
recover itfelf when the preflure has been removed, 
and whether Eledricity does or does not contri- 
bute to reftore its fundlions and promote the ab- 
forption of the fluid. 

ift. Compreflion of the brain has fo often 
been attended with fatal eftecfls, that moft prac- 
titioners down to the prefent time, have conlider- 
cd it abfolutely neceflary to remove the caufe by 
artificial means whenever it could be accomplifhed. 
The exercife of the trephine, even in flight acci- 
dents of this defcription, were often had recourfe 
to, but as thefe cafes are not in the leaft appofitc 
to this publication, it will be fufficient to obfcrvc 
that the confequences of compreflion are notf 

found 



{ 19 ) 

found to be fo fatal as were imagined. I have Cetn 
feveral inftances of this kind where no bad effeds 
enfued, and in alnioft every colledion of Anato- 
mical curiofities, a fpecimen may be found to 
authenticate this favfl; in all thefe inftances I will 
venture to affirm the danger w ill be found iti 
proportion as the Cerebellum may partake of the 
injury: even portions of the Cerebrum may be 
removed, of which I have fcen two remarkable 
inftances. I believe it will be found that the 
brain will fuffer the lofs of a portion of this fub- 
ftance, with Icfs impunity, than it wou}d com- 
predion on the other. From the hiftory of dif- 
fedtions with which we are furnifhed, I think it 
probable that the fatal effedts of compreflion fre- 
quently arife from the interruption to the cir- 
culation through the Plexus Choroides, in thofe 
remarkable cafes which have been fo well defcribcd 
by Mr. Abernethy, Mr. Hill, Mr. Latta, and others, 
where in confequence of an injury of the head, 
a fungus rapidly forms under the meninges of the 
brain, and by its continued preflure, and increafing 
diftention ruptures thefe membranes ; the • exit 
to the tumor, gives relief to the patient : it origi- 
nates from the rupture of fome fmall veffel, and 
unlefs there is an opening for the evacuation of 
its contents, the prefllirc of the fluid frequently 
- ' produce 
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produces death. * Thcfc obfervations may perfiaps 
be confidercd as digreffing from the profeflcd dc- 
fign of this publication, but they arc adduced 
as inftances of the efFeds of compreffion of 
cxtravafation, and we fhall prefently confider the 
poflibility of extravafation being removed, where 
it is limited in its extent, and confined in its cavity; 
but it will be right before we quit the preceding 
topic to remark that in thofc cafes, the dff- 
charge cpmes on in confequence, fays Mr. A- 
bernethy, of a difeafcd ftate of the veffei of 
the brain, which occafions them to give way., I 
am inclined to think fome of thofe fine ramifi- 
cations, which conftitutc the Plexus Choroides, 
give way in thefe cafes. Among the number of 
apoplectic patients whom Morgngni examined, 
moft of them were found to have died from the 
rupture of thefe veffcls ; in feveral of thefe inftan-, 
ces the effeds arofe without any peculiar violence 
being offered to the head, and therefore it points 
out this important inference that the tenuity of 
thefe parts is too . (lender to bear any confider-. 
able violence. This is another inftance of the 
neceflity of a medical Eledrician being ac- 
quainted with the Anatomy and Phyfiology, of 
the human body, for if powerful fliocks were fent 
thro' the brain, under thefe circumftanccs it would 
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t\iptmc thaii veflcli which have fach tehuit)r ot 
texture, 
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We are now then to confidcr the poffibility of 
extravafatidn being removed. From the hiftory of 
cafes we Icarii' that perfons who have been at fome 
period of their lives attacked with hemiplegia, or c-i 
Ven with apoplexy, hive not only furvived the acci- 
dent, but have gradually recovere4 thofe fundlions 
which were either loft or leflened. It has appeared 
frorA difledlions of thofe perfons whd have thus 
been attacked, that a quantity of fluid had been 
efFufed, and th^t the eiFufion has been- gradually 
abforbed : a cafe of this lately occurred whei^ there 
was a cavity in the right hemilphere of the brain, of 
Very confidcfable extent, and where there were 
fome portions of coagulable Lyhnph, and other 
appearances which proived that the effufion had 
taken place at fome i-erriote period ; but though we 
are told that the patient recovered, we are not ac- 
iquainted with theprogrefs of amendment, fuffici- 
trit is addiicfed tb prove the fa6t of jtbforptibn go- 
ing on in the brain; arid tho* Anatomifts have 
not been able td demorirtrate this in the hiimatt 
fubjed:, as it has becri fbund in fifties, * We may 

* Another sklditional evidence of abforption, ^oing on itt 
the brain is this; th^t in cafes of Hydrocephalus txternui 
the whole of the brain, (including the cerebellum) ha^ 
been nearly removed, and yet iht fluid has been perfeftly 
tranfparcnt; 

£ infcf 
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infer vvith probability from analogy, and from tht 
before mentioned phaenomena that they do cxift*. 
Here then it will be found; Eledricity may. be 
admtniftered with fuccefs, but it muft be with 
thefe reftridlions. When an Apoplexy comes on, 
if we are led to fufped: from the general appear- 
ance of Plethora in the patient, from its being 
brought oii in qonfequence of violent exertion or 
from a full meal, or any other collateral circum- 
ftances which could impede the circulation of 
blood in the heaid, that is from an effufion of 
bfcrod within that caivity; we fhould difcontinuc 
the ufe of this remedy, till other means have 
been adopted to remove the caufe, or guard againft 
a repetition of the attack : it is only when the 
Complaint appears to be ftationary, that it can 
be judicioufly applied. Slight fhocks pafled thro* 
the head haften the cure, as well by * promoting 
the abforptidn, as by reftoring. that ffenfibility 

* Mr. Bell, fpeaking of the effefts of concufTion, faytf, 
** when from Hlocks given to the brain, much langour, inac- 
tivity, and lofs of memory, have continued more permanent 
than ij^fual, £le6lricity has been produi6bi:ve of good effie£b." 

Vide SysTEMof Surgery, Vol. 3. Page 144* 

f From many obfervations, it is proved, that when a bone 
has been flightly deprefled, it has recovered its fitua;tion by 
degrees. Is it neccflary for the brain to recover its lifuatiori, 
for the patient to recover his perfeS: fcnfcik ; that is fup- 
pofing at firft this compreflion interrupted them, or does the 
brain recover its funftions without recovering its iituation ? 

and 
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Irid adidn of which from comprefliori it was de^ 
Jjrived. As an illdftration of thdfc Amarks, Wc 
(hall add the following cafe^ 



Case l 

A gentleman about forty yearis of agc^ wK6 
from his habit of life had been accuftomed to ufc 
inuch cxercife, complained when fitting down 
after dinner of a violent paiii in his head, which 
Came on fuddenly ; it continued without abate- 
ment till nighty when ^n attempting to get up 
flairs fie fell down, and was taken up almbfl in a 
. flatfc of infchfibiiity; hd was put td bed, and con- 
tinued in a Hate of coma, with fdme flight degree 
6f the apropledic flertor. As foon as medical aC- 
fiftance could be procured, blodd was drawri 
from the ai'm, to the quantity of fourtefen oiincesii 
by which he Was evidently i-clievfed; in emetic 
tvas afterwards given, which operating ve^ well^ 
Relieved his floimch from that'collcdion of ali- 
fndnt which in all probability was the otcafibnal 
caufe of his indifpofitidnj *a bliftcr was ap>plied td 

* the appllcatioin of a blifter to the hap^ of the fl6ck, isr 
a very common^ and generaUy beneficial prafiice ; but it it 
hot by the evacuation it produces, but the ftimulus it excites/ 
ihat it produces its falutary eife£ls« 
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ihc negk^ ^nd a^ night hia fc<st wcue put in fcot 
water, ^nd a d^ugbt wifih fdme Sp\ Mindejr. ^ 
and TinA. Opii given him, bjus pulfe w^aft f<Wic- 
•what full, and beat about a hundred in a minute ; 
he continued tolerably well during the night, and 
next morning ate a fljighj: breajyaft. As foon as 
he began to revive from that ftate of general infen- 
fibijity ioto, wKi^h hp skt firfl: fell, it was found 
thcit a hemiplcg.i^ had: affqiSe^; ^^^ J^gJ^t fidie, ren*- 
dcred him^ incaj^^bJe o^mpxii^g the arm or kg. on 
that ^de j in a few days, the feyer^fl^ lyipptpms 
* were removed, ai)d he wasL affiftcd to get out of 
bed.: the Qomphlnt now was bjpeome chronic, 
and ftwyf^tipg, applicat^opgi wer^bfi.d recourie to. 
J^lifters wcri^^ ^j^Pl^^> ^i repjsated^ and lymftg^rd 
volatile;, liniment ai)d;Othvmedicii^ of the rubefa- 
cien^ clafs, copppfipd for foq^f^ tin^p. Ip thf co^rfe 
pfj nii^e or, tcynL d^ys ^ffiftK ti^ C9n)i][|^o^eioent c^ 
the.fit^ he wa3 fa f^.rpf^fx&^ as tf^. b^ abl^ tp 
moye his, right, % ai?^ ^Jg^i thfpwiiig it fprward 
ia, a circular rpamif;r, Fronx thi^ time no fun\\Qf 
amendment vj^M ohfervabJ^:^ fer a fprtnig^tj fipjUow,* 
ii)g, thpngh the. f^me pJl^,of. tfeatmenr wa^.ftill 
ufed ; at this^ tir;^^ be b^gun thp ufe of EIe(Strici;:y ; 
a doten flight fliocks were fcnt through the head, 
tb^ diredors being applied to the temporal bones 
as well as from the occiput to the os frontis, an 
equal number of fhbcks were fent through the 

upper 
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upper and lower extremity of the JTame fide ; tie 
fubmittbd to this treatment with alacrity, and de- 
clared he found himfelf capable bf exerting his leg 
^ with greater facility foon ah'er the firft applica- 
tion ; it was continued regularly every d^y, and 
with gradual but unremitted fuccefs, the ufe of 
the lower extremity becoming every day more 
pcrfedl. After a week's perfeverance, a tickling 
fenfation took place in the arm, it by degrees 
became more capable of adtion, and in the fpace 
of two months the patient recovered ; the only 
difference being, as he thinks, a flight deficiency 
in his powers of recollection. 

. There is nothing particular either in the fingu- 
larity or tlie fuccefs of this cafe. Did thcfe fyr^^p- 
tdms come on in confequence of extravafation of 
fluid in the head, or diftenfion qf the veflels ? The 
pi"irtcipal circumftance to be attended to is the ef- 
ficacy of fliocks fent through the head^ the patient 
was as far recovered from the ufeof ftimuli to the 
fkiri during the firfi fortnight, as he could be ; 
but it was rieceflary fome excitement Ihould be 
applied to th^t organ where the powers of life 
more particularly refided. It may be aiked how 
long after an attack of hemiplegia may Eledricity 
be applied with a probability of fuccefs ? to this 
no precife reply can be offered : but from the fuc- 
cefs M'hich has attended its ufe^ even in long con- 

C 3 tinued 



finued paralyfis, I wou^d recommend its ufc in al| 
thofc cafes where there is not a cpnfiderablc dimi- 
nution in the fize^ as welj as flaccidity ip the part. 
The following cafe^ which is more remarkable 
in its peculiarities, and ftijl more fuccefsful in thp 
recoveryj will tend to evince the efficacy of this; 
liuid in reftoring the intclledual power. 



C A S E IL 

A young woman in Weftniinfter, who was dcli^j 
vercd of a child without any uncpmmon circum* 
ftances in parturition, was fei^ed fibout three 
weeks from that period with ' inflammapon in th(i 
right bread ; the inflammation, cither from ncg- 
}cdt or fome other caufc, continued to increafe^ 
and terminated at laft in an abfcefs of that part. 
The violence of the complaint, the debility of her 
conftitution, and perhaps the anxiety of her mind^ 
had reduced her to a ftate of cpnfiderable emacia-? 
tion. The fever which had been brought on was 
followed by delirium, and in the ftate of convalef^ 
cence, which was the time when I faw her, this 
intellcdlual derangement continued. Ijierc was 
H wild flare in her countenance, and her behaviour 
betrayed fome marks of apprehenfion and timidity f 
when alked any queftion fhe made no reply, of 
pnly very concife and unfatisfaftory one. As the 

ieverilh 
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fcvcrifli fymptoms were entirely removed, and 
her conftitution was confiderably reduced, Ihe 
was recommended a generous diet, and took at 
the fame time fome ftomachic medicines. Under 
this plan of treatment her health began to amend, 
•but the fame ftupidity and idiotifm continued. 
About five months from the commencement pf her 
<:omplaint ftie began the ufc of Eledlricity. In 
confequehce of the difea^c which had reduced her. 
It may eafily be gueflcd the child was incapable of 
feeing fuckled by the mother ; it was accordingly 
weakened, and (he had never had any return of 
the menftrual evacuation from the period of par- 
turition, till now. I adminiftered fome flight 
fhocks t^irough the head, and likewife paflfcd fome 
through the pelvis, applying the fhocks from pel- 
vis to facriim. In thofe which were fent through 
the head, the Elcdrometer was at the diftance 
of one quarter of an inch, but in thofe through 
the pelvis the diftance was greater j the cffcft was^ 
uncxpeftedly beneficial. The very next day, the 
menftrual difcharjge came on, her head was tonfi- 
dcrably relieved, her appearance altered, and her 
converfation became more rational; fne has con- 
tinued in a ftate of amendment ever fince, her ap- 
petite is much improved, and her general health 
much xeftored. In this cafe I conlider it was ab- 
folutely neceflary to direct fhocks through the 
head and pelvis, that at the fame time that the 
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menftrual difcharge w^s incurred by an applica^ 
tion to that part, the eaergy of the brain might 
be rc|lorcd^-by a ftimulus direfted to that orgai>. 
In relating the hiftory of this cafe, particular no*- 
tice was taken of the inllammation of the breail^ 
the fecretion of milk had here completeiy forn^ed, 
and we are to confider the fudden check to fuppref- 
iipns of this fecretion as beiog in a priiicipa} de^- 
gree acceflary to the fubfcquent fymptom.* It 
\iriU be fuperfluou^ to adduce cafes in order tp 
evince the utility of Eledlricity in thefc and fimir 
lar affedions of the head; future experience and 
further obfervation are r^quifite to Ihow to VfhH 
extent this benefit may be derived, aind what arc 
the reafons which fometime^ render its yfe unt- 
fuccefsfql. Wc fhall now proceed tp confider^ 
complaint, which ^ it often proves fuperior to 
every medicine or means employed, ^nd is in iti 
pflfeds extremely important, requires ^very effort 
of the pracflitioner |;o check its progrefa or obviate 
its cpnfequenc^. We alli^de to Gutta Serena, or 
what is more defcriptiye of the nature of the com-^ 
plaint, a paralyfis of the optic nerve ; this is ge? 
nerally flow in its progrefs, and when taken in the 
(Commencement of its career, may be often cured. 
We are not well informed with regard to that pe- 

* Puzo has written with peculiar fagacity on this fub- 
je£^i and deferves well to be confuUed* 
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culiar alteration of the brain which gives rife to 
diis infirmity ; the illuftrious Morgagni, to whofe 
records we appeal on moft occaiions for anatomical 
truths, has given us no information on this fub- 
jed: : it is not improbable chat it frequently origi- 
nates from fome prcflure on the optic nerve. Wc 
know feveral inftances where * tumors which oc- 
cupy part 4^ the focket of the eye^ occaiions this 
complaint^ and the gradual accumulation of any 
fluid in the anterior part of the brain^ may like- 
wife prove the fourcc of this malady. We fhall 
lioc attempt to enumerate the different remedies 
which have been recommended, or enter into a 
icriticat examinatiim of the fuperiority of the diffe- 
rent modes of treatment. The ufc of ftemutories 
are often fal^tary, and mercury given for a conti- 
nued time/ ^at is to fay, for fome m eeks, in fiich 
quantity as to keep up a flight falivation, is per- 
haps of aH internal medicines the moH efficacious 
and certain ; but we are to fpeak of Electricity^ 
whole falutary operation will be evidently exhi- 
bited in the following inftance. 

♦ It is worthy of remark, fays Dr. Baillie, that wiuen t»» 
moursof any kiadprcfs upon the thalami nervorum optic, or 
the optic nerves tlicmfelves within the cranium, vifion be- 
comes impaired in various ways ; and that when tumours 
prcfs upon the tuberculum annulare, or the medulla oblong- 
^ta^ cQQvulfioas are very apt to occur. 

A woman 
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A woman about ^orty years of age, who had as 
yet found no particular abatement or irregularity 
of the mcnftrual difcharge, complained of a confi- 
dcrable dimnefs and impcrfcdion of fight ; the 
xlimnefs was moft prevalent in the morning, when 
ihe arofe a confufed appearance of nubeculae form- 
ed, as it were, an obfcure atmofphere, which con- 
tinued about ftve or fix minutes before it entirely 
difperfed;. When flae found this inconvenience 
increafing, Ihe applied to a furgeon, who judici- 
oufly recommended a feton in the neck ; this was 
continued for fome time, and fhe flattered herfelf 
at firft with the expedation of permanent advan- 
tage, in the fpace of a month from the feton. She 
however was convinced of her being worfe, objedbs 
not being fo difcernible. She now begun the ufe 
of calomel with fternutories, which (he perfevered 
in for three weeks, without obtaining the relief flic 
wifhed : (he now added the power of Electricity 
Jo the medicines above mentioned. Having flight 
ihocks paffed through the temples, thefe occa^ 
fioned a plentiful fecretion of tears on each time 
of their adminiftration, and in about ten days per- 
ceptible benefit was received. The fame remedy 
was continued and increafcd ; at firft only ^, dozen 
flight fliocks were adminiftered, within a fortnight 
they were gradually multiplied to fifty, and the 
patient finding the utility of the remedy, conti- 
nued 
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fiutd it for five weeks, being fo far recovered as tn 
imagine its further ufc unneceflary. 

It is poflible Conoe may be inclined to attribute 
the event of jthis cafe to the medicines which were 
employed, but a$ they produced no evident a-. 
mendment till combined with Eleftricity, it h 
/certainly fair to afcribe, a greater influence to it$' 
falutary operations^ 

SCROPHULOUS TUMORS. 

A VARIETY of cafes may be adduced to fhe«^ 
ithe efFed: of Eledricity in curing thefc affedions i 
but as feveral are on record, as well as of other 
glandular indurations, we fhall feleft only one or 
two from thofe which have come under our own 
infpedlion^ previoufly ftating what we conceive to 
be of confcquence in adminiftering this remedy to 
thofe complaints. The fame obfervation we had" 
occafion to make before with regard to the com- 
bination of other means, will apply here ; for atf 
thefe fwellings only evince the peculiarity of the 
fyflem, conftitutional remedies may at the fame 
fime be employed ; but it is very certain, that 
even without any additional aid, Eledricity alone 
is fufficient, as will be fhewn by one of the cafeff 
which we fhall defcribe. The mofl effedual me- 
thod of employing this principle herej is by paflTing 

ihoc^r 
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fhocks through the tumor ; fparks arc very in- 
adequate to the purpofe, and rather tend to coun- 
tcradl than accomplifti our wiChes, as mu ft be ob- 
vious even from reafoning a priori ; for if th^efe 
was a deep featdd inflammation going on interriany 
tvc Ihouid attempt to relieve it by bliftering or ftU 
xnulating the furfktc ; and how is it prdibabfe thiH can 
be beneficial where our principal ob}e<3t is to «- 
cafion that adlion which is deficient ? 

When fhocks of confiderable ftrength have been 
^ireded through the tumors, they fometimes be- 
CQitxc painful anc| iuQame^ and then it becomes 
necefiary to kflfen the excitement by omrttifTg the 
Tepetition^ Or at leaft Icflcning the force of the tt-^ 
jntdy left they fhould go on to fuppmite, as it is 
i;^eU known thefe cafes are very obftinate aiod trouu 
blefome. 

A gentleman in Soho Square who had for fome 
•years thefe fubmaxillafy glands enlarged^ findr 
ing them increafed in fize, begun the ufe of elec- 
tricity fm my recommendation 5 they were at the 
time of hii5 commencing thiJ pradice abpqt the 
fiac of an egg, one under each jaw, but th^t oft 
the left fide was the largeft. At firft, fparks were 
appKed of eonfiderabk ftreiigth ail over the fuf- 
face of the tumdrs ; but thd fkin was fo irritable 
they occafioned much pain znd excited an erup-» 
tion lik€ that occalioheti by nettks. It was ccftitU 

nued 



C 33 ) 

«ued in this form (that is, in the form of fparki^) 
fpr upwards of a week without the Iqaft apparent 
diminution of bulk, or foftnefs in its fubftance* 
Shocks were now adminftered, the Electrometer 
being the fixth part of an inch diftance ; 50 were 
jirft given, and^ every day a gradual increafe in 
ftrength and number ; the tunjors foon foftened, 
leflened, and was removed in a month* Toward? 
the latter end of this period^ however^ the patient 
took foitie l^ark: twice a day. 



C A S 5: IIL 

A young gentleman about fixteen years of age 
who had tumors of the fame defcription, and 
nearly the fame fize ; and who had not ufcd any re- 
medy for their removal, begun the ufe of Elec- 
tricity under our care ; (hocks were immediately 
employed : any milder, mode of adminiftration 
being found unneceflary. And it Was remark- 
able to obferve the difference in the conftitution 
of this patient. Shocks twice as powerful as thofe 
employed in the preceding cafe, had not an equs^l 
cffedl ; fuch was the torpor and infcnfibility of the 
parti Yet this patient w^s perfeftly cured in fix 
weeks without ufing a fingle remedy bcfides.- 

Henccj 
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Hence, this remedy may be ufed with vefy great 
advantages in fcrophulou^, fchirrous, and glandu-^ 
lar tumors, its ftrcngth muft be regulated accord- 
ing to the fufceptibility of the part and the nature 
of the difeafe. In thofe tumors likewife which 
are enlargements of the Burfafe Mucofap, it will he 
found ferviceable, but it muft here be ye^ pow- 
erful, or it will have no efFedl:. Some Surgeons re- 
comn>end a blow to be given with fufticient 
force to rupture the fore, and this has often fuc- 
ceeded ; the contents being difperfed and abforbed,; 
but a powerful Eledlrical blow will be more effica- 
cious. In the Med. CommenWr. is a remark- 
able cafe related by Dr. Eafpn, where a hard fchir- 
rus of the left breaft which had refifted every 
means, and was about to be cut out, was acci- 
dentally cured by a ftroke of lightning. The 
Ihock muft here have been very powerful^ as fhc 
was ftruck down ; but in two days the tumor 
which had been hard for months, became foft and 
foon difperfed. 

We fliall now proceed to confider tiTioitxct Com- 
plaint which is very general, and we may add, very 
important, and if on any occafion in Phyfic it be 
admiffible to fpeak with certainty and convidliony 
we would venture to affirm, the fuperior and almoft 
fpecific effedl of Eledlricity in the treatment and 
cure of Amenorrbiza^ or ohftruSied Menfes. But I 
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'clo not mean to fay that in every inftance of this 
iaffecflion it will be efficacious, or even proper : but 
that in thofe peculiar fituations to which it is 
adapted, it is the moft powerful deobftruent, and 
falutary remedy j and as thefe cafes require fome 
difcrimination, we may be permitted without in- 
confiftency, to make fome obfervations on a com- 
plaint of fo much confequcncc to the female 
fex. 

Thefe are complaints which depend on, a greater 
variety of caufes than the obftrudion or impediment 
to the menftrual difcharge, but the more important 
variations may be reduced to two fpecies ; the one> 
where there is a deficiency of tone in the general ha- 
bit, and an impoverifhed ftate of the blood : the other 
where the conftitution is not defeftive, but where, 
notwithftanding the blood is fufficiently fupplied, 
there is an impediment to the menftrual difcharge 
which is generally, if not always a local afFe<flion. 
There is a confiderable difference with regard to the 
facility with which this aftion is performed in dif- 
ferent wom^n ; but in all, the principal inconveni- 
ence is experienced at the commencement of this 
change. This is an effedt which experience teaches 
us is ufual, and we cannot be flirprizcd at the faft ; 
for when a new procefs takes place in the conftitu- 
tion to which for twelve, fourteen or fixteen years 
it has never been accuftomed, it is very natural to 

imagine 






( 36 ) 

kmgui^ the alteration ihoold be attended mdi 
. jnore or kfs derangement. When the patts which 
are concerned in this procejls^ readily accommo* 
date themfelves to the change* the incdn?enienc€f 
ibon diminiihes> and the pacient fortunately pafles 
ft period always critical^ and fbmetimes dangerous ; 
but when theprogrefs is lefs favourable^ when thcf 
6ge, the habits* and the fymptoms of a fetnale be-^ 
tray unequivocal marks of this alteration, without 
terminating fo fpeedily or defirably, fome medical 
afliftance becomes neceflary and cflentiaU We arc 
to coniider then particularly the influence which 
may be derived from Eledricity under thele cir- 
cumftances* but nodecifive rules can be advanced, 
till we have made fome difcriminations between 
thofe cafes where its ufe will be fuccefsful or pre- 
carious* 

When a young pcrfori at the ufual period of 
this efFedt> complains of paiii in the back and 
joins, attended with head-ichc, pulfatioh. of the 
arteries, and riiote efpccially bleeding at the nofe, 
or any other part of the body, Ave have little room 
for doubting the caufe of her iridifpofition. What 
then is neceflary to be done ? under fome circum* 
fiances we are authorifed td bleed, Whilft under 
others bark, fteel, and other tonic medicines are 
employed, k is evident two modes of pradicc 
fo dpgofite in principle, muft be oppofite in ef- 
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fed, and cannot be with indifference made ufe of in 
either ftate ; to difcriminate and diftinguifli thefe 
affedlions, it will be innportant to obfdrve, whe- 
ther the patient is of a full habit and of a florid 
complexion, or whether fhe is pale, languid, and 
debilitated, whether her pulfc is full an^l hard, ot 
whether it is weak and frequent. Under the former 
fymptoms, the full habit, the florid complexion 
and the hard pulfe, no remedy can be fo judicioufly 
advifed as drawing blood either from the arm or 
the foot, and in addition to this the ufe' of the 
pediluvium may likewife be combined ; but this 
treatment is often unfuccefsful. The uterine vef- 
fels have at times refifled thefe efforts, and not 
permitted that evacuation which is necefl!ary to 
remove the inconvenience. Here then nothing 
can be fo effecflual as the ufe of Electricity; the 
force of the contained fluids is infufficient to over- 
come the refinance of its velTeiSi it requires fome 
additional ftimulus, and it requires moft eflentially 
the application of a ftimulus to thefe parts them- 
felves ; medicines which would give a ftimulus to 
the whole conftitution, would not be found to an- 
fwer, nay, they will be injurious, becaufe the in- 
creafed aftion may attack other parts, and occa- 
fion inflammation in other organs of the body. 
This is the cafe with regard to the lungs in parti- 
cular, an accumulation of blood in thatvifcus will 

D be 



be the confequence, and from the great number of 

its blood veffels, an inflammation will be very lia- 

ble to occur ; but if there is a prcdifpofition, that 

AS to fay, if the fize of its veffels arc not enlarged 

proportionably * to the blood it was intended to 

. trahfmit, this inflsunmation will be almoft inevi- 

.table; hence the neceflity of having a ftimulus 

particularly directed to the part. 

The rigidity or contradlion. of the veffels of the 
uterus, in fome cafes of obftruded menfes, is 
very evident and very remarkable. Nothing is 
more common than a difcharge from the nofe ; 
frequently the patient is relieved by a difcharge 
from other parts ; the piles often follows fup- 
preflion* I have known perfons who have had a 
fore on the leg fuffer a periodical difcharge of 
blood from that outlet, and fimilar cafes are re- 
corded by authors. We have well authenticated 

♦ This is the reafon why narrow and confined chclls dif- 
pofe to pulmonary complaints, there not being a free paflage 
to the blood through the lungs. Some are of opinion that 
this formatten of the cheft does not affeft the lungs, beeaufe, 
fay they, the lungs is proporMonably ledened, ib as to corref-^ 
pOnd with the cavity. But we ougjit to rccollcft that it is 
not coincidence between the lungs and the cheft, but be- 
tween the lungs and the conftitution ; for as all the blood 
pades through the lungs, it inuft be liable to accumulation 
gnd diftenfion, uiilcfs that part is adapted to the quantity, 

fads 



(. 39 ) 

fads likeWife of perfons in this fitu^tion having a 
difc barge from the point of the fingers, and even 
the hair of the head* Thefe teftimpnies will be 
fufficient to Ihew the degree of rigidity and ob- 
ftrudlion to the uterine veffels, and how infuffi- 
cient the ufual means muft prove in fuch inftances. 
But witji regard to Eiedricity, it h a ftimulus fui 
generis, it can be adminiftered with the greateft 
exactitude and precifion ; it can be increafed in its 
powers to any requifite intenfity, and it can be 
regulated in its application to any precife or par- 
ticular point. Thefe are efFeds too obvious to be 
denied, and the benefit refulting from them we 
fliall afterwards confirm by the ftrongeft and moft 
unequivocal teftimony, the teftimony of facSs* 
Wc are now only endeavouring to eftablilh its fu- 
periority by an appeal to every underftanding, and 
by obfervations too clear for any capacity not to 
comprehend. The influence of Electricity in 
thefe afFedlions is not affijgnable to one fingle mor 
dusoperandi^ its effects are multiplied. By its fti- 
mulus, when in a flight degree applied, it occa- 
fions a peculiar determination to the pelvis, and 
in particular to the womb ; it like wife ajfllfts a de-f 
termination that may previoufly have been directed 
thither, to overcome the refiftance of the folids, 
and it relaxes that fpafm which in many inftances 
j-s the caufe of this refiftanc^ in the folids. 

D 2 This 
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• This effeiH: will be fuffieiemfy evident, fram re- 
coUecfting that it diminiihes .aiid allays fpafm in 
other parts of the body^ and that this is a c*atife irt 
utfefine obftnK^lioR, is . unqueftionabfc ; becaufe 
perfons who have had an obftracftion to the dif- 
charge for a confiderabfe time, and who have tried 
powerful forcing niedicif>es- without cffe^*, have 

r 

.been at once relieved by Ample cledrixation ; thai 
is to fay, without fhocks, without fparlcs> or any. 
ether fenfible ftimt>Ius> but from being charged 
with the fluid on an inftilatcd chair j and here the 
neceflity of difcriminating the caufes muff be fur- 
ther evinced. When then a patient labours' under 
the fymptOHi^ we have already enumerated, ♦ Eke- 
tricity (hould be had recourfe to. But where the 
fource of the diforder is of a different defcription, 
wheve the habit is defedivc^ Eledpicity cainnot 
be adtniniftered with propriety: we muft then 
fii-ft direft our attention toreftore the conftitution^ 
at leaft this ought firft of all to be dcme; if thii 
pri^ves infuffieient, that is, for inftancc, if ^ per- 
fon of a chlorotic habit, being under the influence 
of chalybeate and tonic medicines for fome time, 
bdts not a return or appearance of this evacuation, 
a few flight (hocks of Eleflricity through the pel- 
vfs will greatly affifl: this intention, and when the 
^neral health is fo far amended as to favor this 
defign, a ftimulus to the uterus itfclf completes the 

cure: 
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cure: but when pr^vioufly applied^ t:anjK)t pro- 
duce the tffeitt. The following cafe wiH b$ thie 
beft illuftratioti of theft remarks. 

A lady at an early period of her life ^as afFeded 
with thofe fyhiptoms which generalty J^reccxle the 
menftrual period^ (he had frequent fiufhing in her 
face, pain intheloins> heajd-ache at different times, 
and ficknefs at the ftomach ; thtfe fj mptoms 
would difapjpear for foriie time, until a frefl\ ex- 
acerbaxiosn took place, which correfponded in the 
pcritxJsbf its return with the menftrual evacuation. 
A plan of treatment, judicidufly adapted to the 
rature of her fymptdms, was prefcribed ; (he Was 
Ordered to put her feet in hot water, to take mo- 
derate exrerciFe, and chalybeate medicine* were 
prtfcribed; (lie continued this treatment without 
the beiicfit flie cxpefted for a fortnighti The fol- 
lowing was added to her remedies : ^ Tiricft- Aloes 
3J Mift. X>mp, §vij (8c IVL (rap' Goch. ij lui dedit-. 
Even this proved infufficicnt, and her ftomach 
was unwillihg to perfevcrcsin any further trial of 
hiedicincs; ftie begun the ufe of Electricity, 
Twenty fight Ihocks were fcnt through the pel- 
vis < this- was not begunrat the tiriie when (he ex- 
pecfled to be out of order, and therefore no imme- 
diate alteration was produced ; for this reafon the 
fl ocks were very flight. In ten days, from the 
ufeof i}lled:ricity, her painful fymptoms returned 
the pain in the loins and back was confiderable : 
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and in order to compofc the conftitution, (he took 
th€ following draught : Tinft. Opii gutt. xxx Aq. 
Menth. Pimp. ?ji Aq. Comm. {]. The following 
morning Elecflricity was adminiftercd more pow- 
erfully, and the difcharge came on the very feme 
day. 

This cafe is mentioned, not from its Angularity, 
out as a comment on the pradice wc previoufly re-, 
commended. In this inftance it is fuificiently ob^ 
vious the fault did not originate in the fyftem in 
general, but in the uterus particularly. The re- 
gular return of thofe fymptoms which indicated 
an approach of the menfes, ihewed that the con-t 
ftitution had prepared the change, but it required 
the aid of Eleftricity to complete that procefs in 
which the uterus was deficient. This is a very 
good rule for difcriminating wherein the fault is 
principally fituated, for when there is a concur- 
rence of thofc fymptoms which we have above de- 
fcribed, thefe continue a few days, and then go 
off, returning again at a regular period, accompa- 
nied more efpecially with a fenfe of weight or 
bearing.down ; we may reft fatisfied the uterus is 
the part to which we ftiould particularly direct 
our attention.* 

-» The 

♦ It may not be unnecefTary or unfeafonablc to nrtake an 
pbfervation on (his part, as it will point out to parents a 

circum- 
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The cafe we mentioned above, was one of that 
defcription where fonie refiftance to the difcharge 
erf the fluid was to be overcome by Eliedlricity, 
and not where there was a general fault in the ha- 
bit ; but there are other diftinftions to be attend- 
ed to. In what are called a cachectic habit^ in 
chlorotic cafes there is always a deficiency in this 
refpeft. We have previou/ly obferved that the 

circumflance whkk they are not fo likely to know or attend 
tp ; but when a female, who bears no appearance of ill 
health, has thefe regular returns of pain without any dif- 
charge, if in the ihlervals Ihe is tolerably well, and after 
frequent returns of ihh fort, finds a fenfe of weight about 
the uterus, with a bearing down, there is reafon to fufpe6b 
fome malcon formation of the parts forming an obilacle to 
the fluid, which has no doubt been properly difcharged by 
the conftitution, but required an outlet. An enquiry of this 
kind would fave the patient a great deal of unneceffary 
pain and inoonvcnience, for it mutd: be evident that Elcftri- 
city or any other remedy would prove ineffeftual, becaufe 
in fome inftances the parts have been fo altered from their 
natural make, the hymen has been found, not only imperfo- 
rate, but even an inch thick, forming a folid flelhy fub- 
ftance ; furgical aid can alone contribute to the patient's re- 
covery. Thefe cafes, which every now and then happen, 
have proved that there was no fault in the conflitution, for 
the fluid has been found in very confiderable quantities, and 
proportionate to <he time of its continuance. Vide Mr. 
Eafon's cafes, Dr. Cormick, and others. 

Medic. Transact, &c. 
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conftitution muft be corredled and ftrengthened 
before any relief can be had from Eledricity : 
but this \vill require a little further explanation. 
If a perfon in this fituation has recourfe toEIedri- 
city, no immediate efFedls will follow ; it will not 
happen as in the former cafe, that a few Ihocks at 
a particular period (hall produce the difcharge. 
There muft be firft of all a conftitutional amend- 
ment ; ftecl medicines will here be ferviceable, if 
the ftomach can bear them, ^nd flight fhocks of 
Eledlricity, by gently ftimulating the uterus to 
adlion, will coincide with this treatment ; but they 
ihould be flight, for the difference between thefe ' I 

varieties is this : in the former cafe we were to af* 
fift the difcharge of that fluid which was already 
prepared ; in this we are to aflift nature to prepare 
it : the one promotes the adlion of the uterus 
which was deficient, the other alters the ac- 
tion which is improper. Hence the impropriety 
of a pradlice not unfrequently had recourfe to, 
giving deobftruent or forcing remedies previous 
to thofe which are calculated to prepare the body . 
for that change which is neceflTary for its perfeft 
health and proper prefcrvation. 

We ftiould unncceflarily prolong this cfCtxy to 
enumerate cafes of menftrual obftrucftion cured by 
El«d:ricity. So much has been already known 
and written in fupport of its efficacy ; it therefore 

became ' 
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became tnor6 ufeful to deliver fbme remaAs o» 
the nature and peculiarities of thofe complaints, a^ 
far as regarded the adminiftration of Ekdricity, 
I am perfuaded, from repeated inftances and cdh^ 
tinued obfervation, that it mod of all deferves the 
name of fpecific for thefe cafes, and that it fcarce- 
ly ever fails if properly applied and regularly con- 
tinued. It will Only be necejSary, before we con-, 
elude our obfervations on this fubject, to apprize 
pcrfons of the caution which is neceflary to be at- 
tended to ih cafes where there is reafon to fufpetS: 
pregnancy may exift. The flighteft Ihocks httc 
wilUbe improp^ and dangerous, and more pow- 
erful ones certainly prejudicial. Another remark 
of a different nature may prove interefting, though 
when conception has taken place, Eledricity will 
be improper ; it may be ufed with advantage with 
a vi^w of favouring that procefs. There is no 
doubt but that the ftimulus of Elecflricity is well 
calculated to relieve fterility in women, as it does 
impotence in men. We know the feat of concep** 
tioh is in the ovariuln, which if if is not fufc^pti- 
ble of the ftimulus of iriipregliation, the woman 
tnuft continue barren. There are frequent in- 
ftances of perfoni being married feveral years 
without children, who have afterwards borne 
thein, frorii an alteration taking place in the dif^ 

pofuion 
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pofidon of thofe parts. Hence Eledlricity will 
produce an alteration favourable to this * procefs. 
In the former part of this eflay we made fome 
remarks on that fpecies of Paralyfis, which is more 
connedlcd with and dependent on the ftate of the 
brain, and where the effetfl was rather general in 
the fyftem. There are however feveral other kinds 
or degrees of paralyfis which are benefitted by E- 
le<flricity, different from thofe we have hitherto 
confidcred, varying in the locality as well as the 
caufe of its exiftence. Such are partial interrupt 
tions to the difcharge of particular fundions, as a 
paralyfis of the b)adder depriving it of the capabi- 
lity of evacuating its contents, a paralyfis of the 
veficulae feminales occafioning a want of retentive 
power. Thefe may with fome propriety be deno- 

* It will require further pppprtunitic? to ?ifccrt^in tp whaj; 
extent Ele6lricity c^n be beneficially epiptoyed, with this 
view. There can be no doubt of its being capable of producing 
that change and fufceptibility in the parts we mentioned : 
this is plain from analogy. Experiments have been made 
on Ova of different animals, and it has been found th^t 
thofe which were clejjrified were hatched fooner thai^ thofe 
which were not. But the fame experiment fliewed the ne- 
ceflity of regulating the power of this principle, for flrong 
(hocks dcftroyed the poflibility of their being hatched alto- 

» 

gethcr. 

Vid. Dr. IC/«isTLiK*s Experiments, 
& Dr. Bohadsch's Experiments. 
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minated local paralyfis. The paify, which attacks 
perfons who work in lead, is likewife different in 
the caufe of its violence, from other fpecicsof 
paralyfis ; vtc Ihail take notice of thefe, as we arc 
furnilhed with fadls to prove the ufe of the remedy 
we recommend, and firft pf 



PARALYSIS OF THE BLADDER, 

An elderly gentleman (near feventy) had To 
far loft the power of difcharging his urine, as to 
be obliged to receive temporary relief from the in- 
trodudion of a catheter. This was an unpleafant, 
though an unavoidable alternative ; for befides the 
pain it gave him at the time, the parts became 
more fufceptible of it from its repetition : he there- 
fore readily confented to the trial of EleAricity. 
A few fhocks were fent through the pelvis, Elec^ 
trometer one-eighth of an inch : from this no fen- 
fible benefit was immediately obtained. The 
next day the fame operation was repeated, and 
continued every day under the fame circumftances 
for a fortnight. No change was even yet percep- 
tible. What was to be done ? would it have been 
proper at the end of this time to have neglected 
the ufe of Eledlricity, from a perfuafion of its^ be^ 

ing 
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ing ufelefs ? No. A further trial was agreed on^ 
and a more powerful ftimulus applied, for a fort- 
night longer, with evident advantage, for he could 
void about a tea-fpoonful of urine : by degrees he 
difchaiged morc^ and at the expiration of between 
five and fix weeks, the patient had no further ufe 
for the catheter, as he was quite recovered. 
/ This cafe will in fome meafure tend to overturn 
an opinion which fome entertain, that where Elec- 
tricity is ferviceable, it produces its efFeds fpeedi- 
ly. This fuppofition is \cry dangerous in its ten* 
dency, as it leads a patient to difcontinut that 
which would ultimately be productive of the hap- 
pieft effeds. It is the more important to oppofe 
. this fentiment, becaufe Electricity is often recom- 
mended as the derniere refort, and little relief is 
cxpefted in many cafes where this has failed* I 
will venture to avow this truth, that I have known 
perfons who laboured under hemiplegia not very 
fevere, and who under the chronic ftate of it have 
ufed Eledtricity,, difcontinue its ufe in lefs than a 
week, becaufe they were not fenfibly benefitted ; 
as if they were to be cured by fome magic touch, 
or fome celeftial fire, Whilft others, who have 
been in every refped worfe, have been cured by 
the feme treatment, adminiftered ^ith greater 
continuance. If there are any diforders wherein 
lye fhould make an exception to this remark, it 

muft 
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muft be fpafmodic difeafes : in thefe indeed we 
have inflances of perfons cured inftantaneoufly* 
But even in thefe affedionsj to complete the cure 
and obviate a return^ it is necefiary it ihould be 
repeated for feveral times, as it will alter the dif« 
poiition of the parts to take on that adion. 

We fhall now rekte a cafe wherein Elciflricity 
has proved remarkably fuccefsful, and in this pe* 
culiar affedtion very little has been faid in favor of 
Elcdricity ; I mean 



Paralysis of the VESicuLiE Seminales, 

Mr. Bell, I believe, has the foic merit of difco- 
vering that the evacuation of fbmcn, which takes 
place under improper circumftances, depends on 
a paralytic afFedion of thofe parts. The propriety 
of the opinion fcems juftificd by the refult. He 
himfelf feys, I have found Eleftricity ferviceable 
in thofe complaints ; and it was from his recom- 
mendation I applied it in the following cafe. 

A gentleman in the army^ about five and twenty 
years of age, in very good health, and apparently 
free from any other morbid affedion, fuffered con- 
fiderable inconvenience from an inability to con- 
tain his femen ; no<5l:urnal emiflions were very fre- 
quent : indeed every morning about fix o'clock be 

cxpe- 
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cxperiehccd this efFeft, and what Mas ftill morff 
diftrefling, even in the day-time / the flighcelft>fti- 
mulus of mind or body brought on a return^ Thiib 
was. an embarraflment from which it will cafily be 
(uppofed he was folicitous to be relieved. ' It de-^ 
ftroyedthe happinefs of his life, by laying, an em-, 
foaigo on his condud, for even the flighteft female 
&miliarity was fuffitient to excite his paflions and 
produce the fymptom we have defcribed. He 
came to us to be eleftrified, agreeable to the ad*- 
vice of Mr. Bell, of Edinburgh* At firft fparks 
were adminiftered along the perins^um ; thefe 
produced no alteration, though frequently' repeat- 

* 

ed : a few flight Ihocks were then adminiftered, 
one diredor beirtg applied to the pcrinseum and 
another to the pelvis. The very firft application 
.was attended with advantage, for the following 
morning no cmiffion took place, which had not 
been thfi cafe for feveral years before. The fliocks 
were daily repeated for about a fortnight, and the 
patient cured* 

As this is a cafe not generally obferved, at leaft 
not generally treated as ahove, we ftiall take the 
liberty of making a remark on its nature and cure. 
An evacuation of fluid, from the vericulae femi- 
nales, it is true, very often occurs in different 
men ; but the more ufual caufe of its being brought 
on, is preflure from hardened retained foeces. 

When 
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When it is produced on this occalipn alone, it is 
not of confidcrable confcquence ; we can account 
for it mechanically ; though here the fundion of 
the part is imperfed, the part is weaker than na- 
tural ; but then it cannot be confidered a morbid 
ftateof debility, if it does not continue when that 
caufc is not applied, there ought to be a decided 
diftindion between the different fpecies of this af- 
fedlion; for there is a difference in the ftate of 
the part, in the ftate of the conftitution, in the ef- 
fed of the difeafe, and in the nature of the reme-,, 
dy. The di fFerence in the ftate of the part confifts 
in its being paralytic, without any difeafed irritabi- 
I lity ; or paralytic, with morbid irritability. This 

may appear inconliftcnt, but will, it is hoped, be 
eaiily explained and underftood, by recolleding 
that there may be a want of tone in the veficulae 
f feminales, and; yet an excefs of irritability in the 

mufcles, the levatores ani, aod mufculi tranfver- 
fales, and the acceleratores, which are all concerned 
in the evacuation or natural propulfion of the fc- 
men. Hence a ftimulus of a flight degree, an ex- 
citement much inferior to what is natural, will 
throw thefe parts into adion, and propel the con- 
tents of the.veficulae feminales. This is eafily dif- 
tinguifhed from the other kind, for here there are 
evident fymptoms of local, and generally, of con- 
ftitutional irritability. This defcription is always 
^ accom- 



accompanied mth an ere&ion of the penis, and 
comes on at other ibafons than when going to ftooL 
The difchargc is occalioned in this injdance by an 
aifi&H of the parts themfelves, in the other by the 
contents of parts adjacent ; in the one inftance it 
may be confidered an adive, in the other a paflive 
affedion. Thefe are fufficient to ftamp a differ- 
ence between the one and the other : the fame 
principle conftitutes the difference in the conftitu- 
tion, one being morbidly excitable, the other 
not. There is a pradical inference annexed to this 
diftindion, as medicines which allay iri-itation 
would be adapted to one, thofe which had a ten- 
dency to open the body would be peculiarly ap- 
propriated to the other: the reafons have already 
been afligned. Yet Eledricity will with confift- 
ency be applicable to both, inafmuch as it would 
affift the retentive power in both, without increaf- 
ing the irritation in either ; but with refped to the 
difference in effed, it is material and evident. A 
perfon who only fuffers occafional inconvenience 
from coftivenefs, will be enabled to exercife the 
fundions of the parts at other times with freedom 
and effed : .he is not at all difabled from propagat- 
i/ig his fpecies, but the almoft continual excite- 
ment of the other, prevents the femen from being 
prolific, and occafions a fpecies of impotence. 
The violence or excefs of this latter affection, will 

be 
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be befi afccrtaincd by this circumftance, that when 
in a flight degree the eredlion of the penis will be 
complete, wheii in a more obftinate degree it will 
only be partial. In the treatment of this afFc(5lion 
it will be proper to recoiled that venereal inter- 
courfe need not be forbiddelii indeed it becomes 
favourable to the cure ; for if a patient has been 
accuftomed for fome time to a daily difchargCj the 
parts will not be enabled to retain their contents 
* for fuch a length of tithe, or bear fuch a degree 
ofdiftemion as another: therefore till it has had 
time to recover its fundlions efFedually> moderate . 
venereal indulgence will be attended with no bad . 
cjfFedt* 

Wc ihall now ptocced to the confideration of 
ibme difeafes attacking parts in the vicinity of 
thofe jufl mentioned^ 

* This hint With refpefk to the difficulty of altering any 
long edablilhed habit, is particularly illuflfated by difeafes 
of the bladder, and (hould be attended to ; for when a per- 
fon has a particular irritation in that part, he feels difpofed 
to evacuate iht urine, eveti when in a fmall quantity. Tho 
confequence of whicji is, that it becomes incapable of diften-* 
tion, even when the original caufe of the irritation is re« 
gloved, and therefore the patient ihould not encourage every 
flight propcnfity to difcharge his urine, for I have known 
inftances df pcrfons thus inducing a kind of artificial irrita* 
bility* 

Jt ENLARGE- 
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ENLARGEMtNT of the TESTES. 



The enlargement of one or bothofirireTcfti- 
cks not only proqe^d^ in difFercnt cafes from dif^ 
ferent cauf^S) but ii iikewife diffcrcnc in its ap« 
pearance, m well as in its termination^ aiid therc^ 
fofe requiring a different troatmerit, deraafids fome 
rule for difcriminatioa. When from the ufe of 
srny ftimalariitg injedton^ or frbm the vioience of 
gonprrhobal inBammation^ a fwelling attended 
with pain takes place in the Tefticle (an^fFecSt 
very comnK)n)j it h denominated Hernia Humo- 
ralis ; in propo'f lion to the violtmde of their fymp- 
toms, fuch will be the diftentiott- o^ the Tunica 
Albuginea, and fuch the lize of the fwelling : now 
as the Tuniea Albuginea is an efaftic fubftance, 
the enlargement will continue after the caufe is re- 
moved ; for we are to expeft no contradlile power 
from thefe parts. The part under thefe circum- 
fbinces may be coniid^red as in a chronic ftate, 
and here Eledtricity may be advantagebufly em- 
ployed. Again, when any flight blow has been 
received on thofc parts, that will be fufficient in 
fome conftitutions to occafion an enlargement ; and 
here Elcdlricity may be ufefully efnploycd, after 

the 
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the firft fymptoms of excitement have been leflen- 
cd. (We are only curforily mentioning the differ- 
ent varieties ; we fhall hereafter relate cafes which 
have occurred to illuftrate each). But when the 
Tefticle not only becomes enlarged^ but is at the 
fame time remarkably hard, feeling almoft like a 
ftone, and being confiderably heavy in proportion 
to its bulk, and more efpecially if to thefe fymp- 
toms the patient feels at times violent lancing; 
Ihooting pains, and what is particularly charae- 
terifttc of danger, has a knotted feel along the 
fpermatic cord, Eledricity will be improper and 
dangerous ; for there can be no analogy between 
thefe laft mentioned, and thofe which immediately 
preceded in the hard firm fwelling : every excite- 
ment fhould be avoided. The part, if altered by 
any ftimulus, if ftimulated to any acftion, will be 
more likely to affume a cancerous adion than any 
othe/. The principal palliative it requires, is reft, 
and if this dots not prevent its encreafe, it can 
<mly be cured by extirpation ; but in the other 
cafes to which we allude, there is not that tendency 
or capability of morbid adion, there is an enlarge- 
ment without pain ; we may therefore apply a fti- 
mulus without danger. Inftead of an excitement 
going on, or likely to do fo, which may prove in- 
jurious, thfcre is a want of excitement, which if 
Supplied, will prove beneficial. To prove there- 
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fore the utility of Electricity in thefc compbintSy 
we Ihall appeal to ifaAs ; but firft of all take the 
liberty of pr^mifing fome obfervations with re- 
gard to the proper mode of adminiftrating this re- ' 
medy^ which to the young ElcArician at leaft will 
be found acceptable^ In thofe Tumors^ befides 
the incrcafe of fizc in the Tefticle itfelf, there is 
generally adepafition of fluid. The form in which 
£le(5lricity is to be applied^ i^ that of fhocks, but 
this even will prove infufficienty if not judicioufly 
adminiftered ; for if they are only fent through 
the fluid which is contained, and not through the 
Tumor, it can have no tendency to diminifh its 
bulk. To avoid this^ the diredors- muft be 
prefled rather firmly, fo as^ to bring the fcrotum 
into contadl with the Tefliicle ; they muft not be 
brought too near to each other, left the difchargc 
ftiould pafs over, and not through the fwelling. 
And it will be further neceflary to pafs fliocks of 
a confiderable ftrength to obtain the fame effedl, 
and on account of the inadlivity of the parts, this 
degree of ftrength will be eafily borne ; but though 
in thofe parts it can be direfted with advantage, it 
will be right to avoid pafling ihocks of the fame 
ftrength through parts which are not difeafed. As 
for inftance, if there is only one Tefticle injured 
or enlarged, the other Tefticle (hould not be in the 
lipc with the direftor, as it will give much imme- 
diate 
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cliatc pain, and may be produAive of future dan- 
ger. It will be neceflary, therefore, before this 
operation is begun, to feel for the found Tefticle j 
for in confequence of the varied action of the cre- 
mafter mufcle, it is fometimes at the upper, fortie- 
times at the inferior part of the fcrotum. The 
diredors fhould be changed conftantiy, or ulcera- 
tion, as we have before remarked, will be pro- 
duced ; befides thefe particulars, it muft be re- 
membered that fometimes the fenfibility of the 
Ikin is fuch, a^ not to allow of that requifite 
ftrength in the fhock which is abfolutely neceflary 
to accomplilh the diminution in fize. How are 
Ave to relieve this inconvenience ? A very eafy ex* 
edient will fuffice. Let fparks be applied to the 
whole furface of the fcrotum, fo as to pccalion a 
general rednefs ; and after having done this, fhocks 
of cpnliderable intenfity will be eafily borne. In 
applying fparks, it will be neceflary to cover the 
pant with flannel, or the points pf the pairs which 
cover this portion of the flcin, will draw ofl^ the 
ekdric fluid ; but it mufl: be laid afide when the 
fhocks are applied, as they will by the medium of 
the. flannel be difperfcd upon the flcin, and occa- 
fion confiderable pain there, inftead of pafling 
immediately through the fubfl:ance of the Tutno 
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CASE h 

A gentleman of a found conftitution^ and about 
the middle period of life, violently bruifed the 
right Tefticle, by prelTure on the faddle, when 
hnnttng* The inflammation which enfucd, conti^ 
nued for nine or ten days, notwithftanding the 
pcrfcvcring ufe of the rooft jud cious means, and 
the Tefticle Was confequently mlich enlarged. . It 
was a month after the time of the accident that 
Eledricity was. begun : every degree of pain and 
irritation had for fome time previous to this been 
removed ; and he had, during the laft fortnight^ 
nibbed fome mercurial ointment on the fcrotum 
every night without efFed. Electricity was begua 
with, firft by pafling twenty fhocks of a moderate 
llrength through the Tefticle* They were repeats 
cd every day, and gradually increafed in ftreilgth, 
that the efFedt might not be leflened by the part 
being accuftomed to the ftimulus : a percepfible 
'decreafe of fize took place in a fortnight, and i(i a 
month the enlargement was entirely reduced. 

Though there is nothing remarkable in the pro* 
grefs of this cafe, it ftiews fufficiently the powerful 
influence of Eleflricity in thefe afFedions ; but it 
is adduced alfo to ftiew the diflference between 

this 
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this and another derangement of the fame parts, 
which bears fome rcfemblance to its jc^ilf^j ap- 
^pearance, and fometimes in it;s termination; I 
mean that kind where, together with Xhe enli^rge* 
ment and diijention of the natural parts, there is 
likewife a» depofition pf a watery fluid. Tliougji 
the fame remedy is applicable here, itis not fo 
fpeedy or Cjertain; and this xpuft neceflarily de- 
pend on the quantity of water ^^i, and the ftatc 
of the parts effv/ing it. Hence a very obvious dif- 
ference in thefe two difeafes. In the firft in(tanqe 
where violent inflammation occafions enlargemejat 
and difl:ention, it is not the effecfl of morbid aftion, 
only the natural adlion is increafcdj pa^n, fwcl- 
li^g, and other fyraptoms fallow ; and among 
other confequenccs, there is a depofition of coa- 
gulable lymph* When this deviation froim the 
natural excitement of the parts ha^ ceafed, tney 
will then be capable of removing the fuperfluoDs 
matter which isdepofited. But this is not with- 
* put the aid of other means : the abforbents of the 
parts require fome afTiftance, and the ufeof Hlec- 
tricity enables them to accomplifh that which, 
W'ithout its influence, it would be incapable of do- 
ing. Befides this, it is probable Electricity adls 
by rendering the fluid more fit to be taken up by 
th s fyftem of vefTels. Hence in Ganglions, which 
have remained flationary for years ; a blow upon 
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them, .by difturbing the texture or arrangement in 
ihcir futftance, occaiions them to be abforbed. 
That Elcdricity has a fimilar operation^ is like- 
Ivife probable from the efFedl of lightning. 

A woman who had a fchirrous Tumor in her 
bread for fome years, was ftruck by lightning juft 
in that part ; the fhock was neceflarily fevere, but 
in three days the Tumor difappeared. With re- 
gard to the other fpecies we have endeavoured to 
defcribe, there is ^ difFcrepce in the nature of tl^e 
fluid, as well as the (late of the parts. This will 
ferve as a comment on the difference I have dated 
' to exift between morbid aclion and increafed acflipn ; 
the fluid under increafed acflion is more readily ab- 
forjDed, whereas the other is not; and why? be- 
caufe there is not that fame capability of it$ doing 
fo. Tliere muft have been fome alteration in thefc 
partSj or in their functions, to have produced this 
fluid, or to have left it remain after it was pro- 
duced ; and this alteration conftitutes a difference 
in the Jlate of the parts. That there is a difference 
in the nature of the fluid, is likewife evident ; it 
may be remarked th?it coagulable lymph, or that 
fluid which is effufcd under a healthy inflamma- 
tion, is more adapted to the procefs of abforption 
than any other. In every injury nature pours out 
this fluid to flop the danger, or fupplythe defici- 
ency ; 



*.' 



( 6i ) 

cncy ; and whatever is fuperfluous to her inten^ 
tions Ihe removes. But to proceed to the cafe 
which will illuftrate thefc remarks. 

C A S E 11. 

A gentleman about thirty years of age, applied 
to me on account of a difeafe of the Tefticle, with 
which he had been afBicfted fome months. His 
hiflory of the cafe was nearly as follows : about fix 
months ago he obferved an enlargement on the left 
Tefticle, which he thinks came on without any 
blow or injury being received. He left it for 
fome weeks without applying any remedy or 
feeking any advice j it very gradually increafed 
in fize, and he confulted a furgeon about it, 
from whom he took Cicuta and Calonlel, and 
rubbed Uncj. Merc, on the part ; this plan he 
regularly perfevered in for a confiderable time, 
^ yet without effedl. He applied to me, in order to 
try Eledricity, and at this time the ftate of the 
parts was worfe than before. On examination I 
found the Tefticle itfclf enlarged, but not hard, 
rather fofccr than natural : this increafc of fize 
however did not form the whole bulk of the Tu- 
mor, for there was a very evident collection of 
fluid, and therefore the chances of fuccefs were 
lefs ; for befidcs the time which would be required 

to 
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to rempvc this depofit, there did not appear to be 
power in the parts to accomplifti it ; however^ ^s 
the fperniatic cord was perfedly foupd, and no 
pain in the Tefticlc which could indicate danger, 
Eledricity was tried. I begun by firft applying 
powerful fparks to the whole furface of the fcro- 
turn, by which I was enabled to fend fhocks thro* 
the Tumor without occafioning much pain. The 
fhocks were daily increafed in nunaber, and conti- 
nued with much regularity for the fpacc of a montji 
or five weeks, with only this apparent utility, that 
the Tumor was not in the leaft increafed : it was 
continued about three weeks longer, when unfor- 
tunately the gentleman was obliged to leave town 
on fomc important bufin^fs. The fize was now 
certainly lefs, and from further perfeverance it is 
probable he might have been cpred.. 

The event of thefe cafes is by no means uniform ; 
where there is a large colleftion of fluid, it is beft 
to evacuate it by making an opening with a trocar, 
and afterwards electrifying it, adhefion will follow. 
In this manner it may be very advantageoufly 
employed in Hydrocele, making a conftant pref- 
fure upon the part after the water is difcharged, 
and elciftrifying it with as much power as the pa- 
tient is capable of bearing. 

RHEU. 
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R H:E U M AXIS M, 



It will fcarcely be neceflary to inform the reader 
that there are twQ fpccics of this complaint re- 
markably different from each other in their fymp- 
toms, peculiarities, and treatment ; thefe are de- 
nominated the acute and chronic. It is to the lat- 
ter we (ball principally confine our obfervations, 
as it i3 itt this, ^eiJtTf city is more elTentially fervice- 
able. Howeygr; up,determined the queftionmay 
be with reg^r^^ t9,f be effe/dl of Eieftricity in cjpick- 
ening the pulfe, or accelerating the fecretions, 
when the patient is only charged with this fluid by 
inculationj no doubt can be entertained of its pow- 
er when communicated by Ihocks. We may prc- 
fume on thi§ principle to account for its eflcds, 

IN' 

I frgip confidering the circumftanccs by which the 

! complaint is , occafioned ; it is moft frequently 

brought on byexpofure to cold, when the patient 
is warm and the (kin moift ; a fuddcn fuppreflion or 

' obftrudlion to the perfpirable matter, then, may be 

allowed in the (irft i^ftance to be the fource of the 
afflid:ioq : hence the variable and flu(9:uating (late 
of the patient's feelings, fubjeding him to the in- 
fluence of every viciflitude of feafon or climate, 

i and 
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and rendering him almoft a walking barometer. 
But whatever may be the proximate caufc of the 
difeafe, or the modus, operandi of the remedy, its 
advantages are top obvious to be denied ; at leaft 
the following cafes wi|l prove the fad. 

CASE I, ^ 

A gentleman ^ho is not much accuftomcd to 
travelling, was feizcd with violent rheumatic pains, 
in confequence, he fuppofes, of being obliged to 
ride in a very rainy day from London to Windfor; 
the pain was fo fevere as to confine him for fevc- 
ral days to his bed By the life of the remedies 
adminiftcred to him, the urgency of his fymptoms 
foon began to abate, but he was ftill afflidled with 
pain in the fmall of the back, extending along up 
to the (houlder ; thefe fymptoms increafed as the 
feafon advanced, for it was about the latter end of 
autumn. He continued to labor under the com- 
plaint with more or lefs violence throughout the 
winter, notwithftanding the ufc of liniments, plaif- 
ters, fudorifics^ and every thing which could be 
recommended. About a twelvemonth from the 
commencement of the difeafe, he begun the ufe of 
Electricity : his pain was now fixed in the loins ; 
he was not much relieved in the firft week, when 

only 
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only flight fliocks were fent through the part, but 
by increafing their ftrength, he foon perceived 
their efficacy. He continued the ufe of the Elec- 
tricity for nine weeks, whert he felt himfelf per- 
fedJy cured, and by obferving more caution in 
^loathing and going out, felt no return during the 
winter. 

C A S E n. 

A lady, by fitting in the direction of a current 
of air, was incapable of moving her neck without 
the mod violent pain ; flie was cured in a few 
days by the application of powerful fparks to the 
neck. 

Thefe and a variety of fimilar cafes might be re- 
corded, but would be of Icfs confequence to men- 
tion, as they are well known to fubmit to this re- 
medy. It will therefore be fufficient to clofe thefe 
preceding pages, by fome general obfervacions on 
the application of this fluid in a few other difeafc* 
not yet alluded to^ in 

G O U T. 

In the early ftagcs of this difeafe we have feldomn 
rcafon to expeft' any ferious confequences, and 
therefore it will be ufeleis, as well as mifapplied, 

to 
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to add any remarks on the treatment bef): adapted 
to this ftage of the difeafe. Ir might indeed be an 
objcdl worthy invedigacion^ what caufes predif- 
pofe certain conftitutions ro the gout more than 
others^ and what means will be likely to obviate 
or cof redt this difpdfition ; but this does not comic 
under the defign of the prefent pamphlet* The 
circumftanccs to which Elecflricity is adapted, are 
principally of two defcriptions ; the one, where 
Gout having frequently attacked the extremities, 
at laft endangers the vital organs ; the other, where 
inftead of being determined to one particular part 
of the body, it flies from one fituation to another, 
conftituting the irregular or mifplaced Gout. 

In the former of thefe its efFeds arc fiiperior, 
for by its powerful ftimulus ii will more fpeedily 
accompliih that revulfion and determination from 
the ftomach to the extremities, than other reme- 
dies which arc employed. The more powerful 
machines will be neceffary in thefe cafes, that 
fparks of fufficient ftrength may be adminiftered ; 
it has feveral advantages, which in the fituation in 
which fuch patients are, will be found confidera- 
ble, for it does not require that they fliould under- 
go the fatigue attendant on moving them to a hot 
bath, or a pediluvium ; it does not even become 
ncceflary to remove the flannels from the part, for 
if the machine is capable of giving fucb fparks 

as 
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as are neceflary, they will aA through an interme- 
diate fubftance of that dcfcription. Hence in re- 
lieving a gouty attack on any vital drgan, ivhether 
the ftomdch, the brain, or any other vifcus, this 
remedy deferves a preference. 

In the irregular attacks of Gout, it will be found 
to relieve the patient from corifiderable fuffcring, 
and Ihorten the period of his irtdifpofition : its in- 
fluence in this refpeft may be illui^tiated by analo- 
gy, e. g. when a perfon on expofure to cold has 
an inflatftrtiation of the tonfils, which inflanimation 
becomes confiderable, and perhaps terminates itl 
luppuration, he is much more liable, on being ex- 
pofed to fimilar caufes, to fufFer an attack on thofe 
parts than any other, becaufe they are more fuf-i^ 
ceptiblc than any other of the infkmmatory adion. 
With regard to Gout then ; when a perfon labours 
under fymptoms of irregular Gout, the pain Ihift- 
ing from one part to another, without being more 
confined to either in particular, let a few flight 
ihocks be pafled through the extremities, together 
with fome ftrong fparks, and repeat this treatment 
every day, and the difeafe will be determined by 
this means to that fituation. If it fliould be aflced 
what benefit is thus obtained ; it will only be ne- 
ceflary to reply, that by this treathient thle patient 
is guatded againft an effect to which he was before 
fubje<S. * For this fpecics or peculiarity of the dif- 
eafe 



( 68 ) 

cafe frequently difpofes it to attack the head, od^ 
cafioning giddinefs, pain, and fometimes apoplexy. 
By fixing it to the extremities, this danger is re- 
moved. Another advantage is this : under the 
former fymptoms, the patient is conftantly haralT- 
ed by the difeafe, but by bringing i? into the form 
of a regular paroxyfm, he enjoys intervals of health 
and pleafure, and may by proper treatment and 
prudent caution, fometimes prevent a rclapfe, or 
at leafl prolong his relief 

I could adduce fomc cafes in proof of thefc re- 
marks, were I not obliged to curtail the lize of 
this pamphlet, and therefore I proceed to the con- 
fideration of 



DROPSY. 

It has been a queltion which ftill remains per- 
haps undetermined, whether this difeafe arifes 
from an increafed fecretion, or a diminilhed ab- 
forption. That in many inftances it originates 
from the former, will not be difficult to demon- 
ftrate, and it will then be eafily underftood how 
the adminiftration of Eledlricity can prove bene- 
ficial, e. g. one frequent, if not the moft ufual 
caufe of Dropfy ( Afcites more particularly J is an 
obftrudion to the paflage of the blood through 

that 
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that organ ; confcquently there muft be a propor- 
tional determination of fluids to fome other parts. 
In thefe cafes, (hocks fent through the liver will 
•be found highly ferviceable ; that is tp fay, when 
there are no fymptoms of adlive exifting inflam- 
mation, it may be very ufefully combined with 
mercury, when given with a view of curing a chro- 
nic affedion of that vifcus, and will be found to 
agree befl: under the fame circumfl:ances in which 
the ufe of that medicine is found proper; it will 
tend to quicken the circulation through it, and to 
remove thofe fchirrous aflfcdlions which are the 
caufe of the difeafe. But there is another part of 
the animal oeconomy peculiarly deftined to the 
fecretion of the watery part of the blood. This is 
the kidney in which obftrudlions frequently hap- 
pen, and prevent the natural outlet to the paflagc 
of the fluids. In thefe cafes Eledricity has been 
found the mofl: powerful diuretic in every confti- 
tution difpofed to Dropfy ; it becomes abfolutely 
neceflary to render the paflJage through the kidneys 
perfectly free, as there being already a tendency 
for the watery parts of the blood to run into fome 
other' channel, that will be greatly accelerated if 
the kidneys are not capable of exercifing their na- 
tural functions. There is in many inftanccs a de- 
gree of torpor and inacflivity in thefe organs, ren- 
dering them unfit for their office ; and hence it 
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tias often happened that by the paflage of fliocks 
through them, a patient has very ftiortly after- 
wards evacuated a large quantity of urine. The 
fame precaution is neceflary to be obferved here^ 
however, as in other inftances, not to apply it un- 
der a ftate of inflammation. 



NERVOUS HEAD.ACH. 

This is a complaint in which Elcdricity, under 
certain circuniftances, will be found beneficial. I 
do not mean to aflert that it is capable in every in- 
ftance of Head-Ach occurring in delicate irritable 
habits, of giving that firmnefs to the nerves as to 
prevent their being affefted by the fame caufes, 
but that it will in thofe cafes prove ferviceable 
where there is a fixed pain, or rather a pain in one 
particular fixed part, forming what is called the 
Clavis Hyftericus. Every one almoft muft be ac- 
quainted with this defcription of Head-Ach, and 
muft likewife know how inadequate medicines fre- 
quently arc in preventing their return : in fad, af- 
ter a certain continuance, the . j^art being in the 
habit of fufFering this attack, it returns at length 
at regular ftated intervals ; and fo great is the dif- 
pofition to relapfe, that the mofl: powerful means 
will not prevent it; and opium, which at other 
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tim«s will afFed the patient veiy fenfibly, will 
have no efFedl at all in diminiftiing the pain. In 
thefe cafes 'it is neceffary to pafs fhocks through 
the bead, at the part where this pain is feated : this 
treatment Ihould be begun about a week previous 
to the period at which it is expedled to return, and 
continued till about the fame time has.elapfcd be- 
yond that time. This does not preclude the ne- 
ceflity of other means directed for this complaint, 
among which cold-bathing, air and exercife, and 
abftaining from the ufe of the ftrong fine teas, 
^rc very important. 
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METALLIC TRACTORS; 

OR, THE 

EFFECTS OF COMBINED METALS 

ON THE 

HUMAN BODY. 



WHEN the peculiar properties of the Gym- 
notus, Torpedo and Silurus were afccr- 
tained to be of an eledric nature, that thefc had 
been wonderfully provided with organs calculated 
for the accumulation and evolution of this furprif- 
ing principle, in order to arrcft their prey, then 
many philofophers began to attribute to Eledri- 
city a variety of other phenomena. The mod re- 
markable is that communicated in a letter from 
Dr. Cotugno to Chevalier Vivenzio in 1784, rcf- 
peding a moufc being an eledlrical animal ; cafual- 
ly holding the (kin of the back between his finger 
and thumb, in order to make an inciiion into the 
abdomen with his pen-knife, the tail of the moufc 
was fecured between the two lafl fingers ; in the 
ftruggle of the animal, the tail vibrated, and he 
felt a Ihock through his left arm up to his neck, 
attended with a giddinefs of the head^ which con- 

tinueu a quarter of an hour. 

Although 
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Although this fame operation has been repeated 
many times by others, no fuch efFeds have ever 
been experienced ; and from one folitary inftance 
no fair dedudions can be made. 

Seven years after this period, Galvani publifhed 
his curious experiments ; in thefe he has ftiewn that 
a frog, dead and fkinned, is capable of having its 
mufcles brought into adion by means of artificial 
or atmofpherical Eiecflricity ; and fecondly, has 
difcovercd, that independent of any artificial or 
natural Eleftricity, the fame motions may be pro- 
duced in the dead animal, or even in the detached 
limb, by making a communication between the 
nerves and the mufcles with fubftances that arc 
condudors of Eledricity. On this account it ig 
that the name of Animal Ele£lricity has been be- 
flowed on this wonderful property. 

In the beginning, when the ,mufcular power is 
ftrong, the inftant after the head of the frog is re- 
moved, the mufcles will be thrown into convulfivc 
adions by the flighteft difturbance. Pieces of the 
fame metal, even the mere agitation of the table 
will fufficc : afterwards difl^erent metals are re- 
quired ; the more diffimilar the metals, the better 
the cflfed ; as gold and lead, filver and zinc, are 
better than gold and filver, or lead and ziiK. 

This property is not peculiarly confined to the 
frogs, the mufcles of every animal are fubjed to 

the 
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the fame agitation ; as the mufcular parts of the 
more imperfedl animals retain longer the princi- 
ple of life, they ^re longer liable to this influence. 
Thus alfo we find the living body fenfible of the 
adtion of metallic applications. If we place a piece 
of zinc under the tongue, and a (hilling between 
the upper lip and the gum, and when thefe arc 
difengaged from the finger, and brought into con- 
tad by elevating theunder jaw, not only a remark- 
ably pungent tafte is experienced, but alfo a flafli 
of light before the eyes. 
^ If a flip of tin foil be placed upon the eye fliur, 
and a filver fpoon in the mouth, on completing the 

/ communications between thefe metals, a white light 
ivill appear. 

Some perfons experience difltrent fenfations; in 
fome the fenfation is hardly perceptible, in others 

c it is v^xy ftrong. Volta fays he perceived fome- 
thing of an alkaline nature when the filver is ap- 
plied to the apex, and the tin to the back part of 
the tongue ; when thefe metals were reverfed, the 
tafl:e was fubacid. Dr. Monro, when trying it 
between the upper lip and the tongue, always felt 
a pain in the upper jaw j and when he applied a 
probe of zinc to the infideof the nofe, and a piece 
of filver to the tongue, feveral drops of blood fell 
from the nofl:rils ; Dr. Fowler experienced a fimi- 
lar eff^ed. 

Mn 
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Mr. Robinfon obfervcs, that if a Rouleau is 
made of pieces of zinc and (hillings, when in the 
mouth the irritation is very ftrong and difagreea- 
ble. Thus we may difcover the ftrong tafte of 
fbldercd feams of metal in brafs and copper veflels, 
which the eye cannot perceive. 

Thefe circumftances prove that metals poflefa yii 
different degrees of Eledlricity, yet their difference 
is fo fmall that they cannot overcome the refift- 
ances of the air, &c. fo as to equalize themfelvcs. ^ 
When in contacfl with fubftanccs which are better 
conductors, then an evolution will take place 
from that which poffeffes the excefs. _ 

So trivial is the quantity of Elecflricity difen-i 
gaged, that the moft delicate Eleftrofcopes are no 
ways fenfible to it ; even to influence the mufcular 
fibre, immediate contacft isrequifitc; if even the 
cuticle is interpofed, the whole effedt is deftroycd. 

Notwithftanding this, a Dr. Perkins, of an A- 
jnerican Province, has folemnly avowed to the 
world, that by means of metallic combinations, 
formed into kind of pencils, by drawing thefe 
gently over any part of the body labouring under 
any fixed pain, that the pains have been removed. 

Dr. Perkins fcems to fuppofe that in the human 
ffame^ there may be local exceffcs of Elcdtricity ; 
fuchan hypothefis requires many proofs to its fup- 
port* Ev^ allowing this, the metals thus com- 
bined 
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bined poflefs no power of equalization, thejr pro- 
duce no alteration in the ftatc of Eledricity in the 
animal frame ; the whole change which is induced, 
is between themfelves. 

Metals, as already obferved, applied to the fkin> 
have no influence : if then the gentle irritation of 
thefe tradlors is any ways beneficial, muft either 
be by ad:ing on the imagination of the patient, or 
by the pleafing mechanical ftimulus. Dr. Thorn- 
ton aflured a medical fociety in town, by the re- 
queft df Dr. Perkins he tried the traftors on a 
poor woman who complained of pains in both 
arms ; he applied the tradlors to one arm; Ihefelt 
^herfelf immediately relieved. To afcertain whe- 
ther the relief was dependent on this, he drew a 
wooden Ikewer over the other arm ; the woman 
experienced fimilar relief; which demonftratcs that 
it no ways depended on any peculiar properties of 
the traitors. 

I have tried them frequently on thofe whofc 
minds were not to be eafily worked upon and have 
never perceived the lead effcft. I prepared tractors 
of tin, zinc, copper, and brafs, in every different 
proportion ; have never found this to produce any 
other efFeds than what might be procured by a 
common nail. 

FINIS. 
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MATTER* 

I 

AtTER, as derived from Mater, the mo- 
'^ ther, in the abftradl implies a more con- 
fufed and general idea of folidity, with little or no 
regard to figure, proportion, or quantity ; the 
form under which Matter appears, is generally 
termed iody, and that which fupports or ftandii 
under the different forms which are prefented to 
our fenfes, is charadlerifed by the word Jubftance.. 

Matter exifts wherever there is a resistance. 
Figure and extenfion are fuper^uous in the defini- 
tion. 

G 2 Mattpr 



( 80 ) 

Matter in its primary ftatc is homogeneal^ by 
the different combinations of thefe primary parti-^ 
cles produce a proportionate variety in the confti- 
tuent pslrticles, which by their arrangement form 
the different clafles of natural bodies that compofe 
this earth. 

Thus it may be fuppofcd that two primary par- 
ticles united, may form a conftituent particle of 
light ; three particles united, a conftituent parti- 
cle of fire; four, a conftituent particle of air : and 
thtfs by different combinations, form that great 
variety of bodies we fee. 

To thefe conftituent particles our chemical pow- 
ers are limited ; a conftituent particle of mercury 
can no ways be changed into a conftituent particle 
of gold. The powers of life can reduce thefe 
, conftituent particles, and by different combinations 
produce different refults* 

Had the globe been placed in any othet part of 
the univerfe, the nature of bodies muft have been 
materially different. Under the influence of diffe- 
rent caufes, different combinations would have 
taken place : the principle of life diffufed through 
the univerfe being roufed to different anions, the 
combinatory produAs would have differed alfo. 
. The different ftates in which Matter appears are 

Firft.' 
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Firll. A ftate of fortuitous concourfe, where ii\ 
its accumulation no fpecific form has been af- 
fumed; no peculiarity of appearance defined. 

Secondly. The arrangement by the power of 
life, to which thegreateft portion of natural bodies 
is reducible, as wood, coral, Jhells of all cruftace- 
ous animals, marble, ftones, ivory ^ metals, coal, fuU 
phur, and probably every fubftance which has an 
uniformity in its appe?»rance, without any ciyfta- 
lifing arrangement, to this caufe may be attri- 
buted. 

By this power the female glow-worm forms her 
phofphorus, the bee its honey, and the ferpent 
its poifon. 

Thus fern leaves confift of one quarter iron : this 
metal is not fotind peculiarly in the earth in which 
the fern vegetates, nor in the air which furrounds 
the plant. It muft originate from fome powers of 
combination inherent in the plant ; the fame pow- 
ers which form the peculiar fap, the fame can con- 
vert the conftituent particles of one body into thofe 
of iron. 

Thus fliell-fiih can Cpnvert their own nourifh- 
ment into envelopements of aerated lime, and the 
coral formed into mafles of an enormous extent by 
the united labours of myriads of polypes: from 
thcfe all fpccies of calcareous earth derive their 
origin, as- marble, ftones, &c. In the Atlantic 

G 3 Ocean 
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Ocean and the Northern Seas are extenfivc rocks 
oft oral daily increafing; thefe in the courfe of 
ages lay foundations to iflands: we may thus 
conceive how Delos and Rhodes rofe out of the 
fea, and the two iflands of the Azores which c- 
merged in the fixteenth century. 

As thefe combinations are the refult of the a-r 
gency of life, according as this principle is influ- 
enced, fo the produds will be alfo. Thus the 
debilitated ftomach of the gouty patient, inftead of 
performing its duty with its ufual energy, decom- 
pofes the fluid with which it is fupplied, and con- 
verts it into large quantities of air. 

Thus animal fubftances under certain circum-r 
ftances, with refpedl to temperature, moifture, and 
air ; the balance of affinities is foon broke^ ,and the 
putrefadlive procefs takes place. 

When the fame fubftances are placed in wa- 
ter, the fame changes do not take place , the prin- 
ciple which in the one is evolved, is here retainedj 
and the whole converted into a waxy fubftai;cc.* 

So 

* My friend Dr. Gibbes of Bath, well known for hi$ 
accurate experiments on the converfion of the component 
parts of^animal fubftances, into a kind of fpermaceti, thus 
elegantly explains the change which flefh unde^ocs in 
water. 

« FU01 
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So y^tables, when preffed by large unafles of 
jcarth from the unequal adion of earthquakes, or 
the overwhelming <Qf volcanic pbwers ; where 
♦whole forefts are fwept down and ingulphed by 
thofe convulfions ; the amazing fuperincumbent 
^effure, and the different change of fituation, 
x:onfolidates aad converts the vegetable fubftancc 
into coal ; and thus under a Httle change of cir- 
cumftances, may be converted into fprings of Pe- 
troleum and rivers of Naptha.* 

** Flefli and animal matters in general, arc compofed of 
** oxygene, hydrogene, carbone and azote ; water is com- 
<« pofed of oxygene and hydrogene, and the fub fiances which 
^* are formed are fatty matter, or a triple combination df 
*' oxygene, hydrogene, .and cafbonc ; ammonia, in fmall 
" qjuaalilLes, con^pofed of^hf^drogene and azote; carbonated 
«' hydrogenous gas compofed of hydrogene ^nd carbone; 
^^ and nitrous acid compofed of oxygene and azote* 

• Coal mines in the vicinity of volcanoes, there are fprings 
-of Petroleum and rivers of Naptha. At Baku there are 
ftreams of Naptha in a continual ftate of combuftion. 

Thus the vegetable fixed alkali is formed from the Lixi- * 

-vium of common wood afhes, while the mineral alkali is ob- 
tained by the fame procefs from marine plants : fituated on 
'the'M'eft of Delta, Sicard andVolney tell us of lakes of 
]Natron found in a native ftate. 

Thus in the former cafe the vegetable forms an union of ^ 
nitrogenous gas with lime to conftitute pot afh ; while in the ^ 
latter the gas unites with magnefia to form the foda. 



So 



( «4 ) 

'^ So fulphur is formed by the decompofition of 
^ vegetables and animals ; and Monfieur Deyeux fay$ 
^ it cxifts naturally in certain plants. 

Third State of Matter is the arrangement 
by cryftallization. In various minerals we ob- 
ferve a fomething more than a mere fortuitous 
concourfe of the conftituent particles; there is a 
fymmctric affemblage, a beautiful arrangement, 
appropriate to particular bodies. When thefe pre- 
fent themfelves under any regular form, whofe 
faces may be reprefented by geometrical figures, 
fuch are called cryllals. 

This arrangement can only take place when thp 
conftituent particles are in a fluid ftate, and runr 
ning gradually into a folid forn;.* 

It has been thought that this arrangement is ef- 
fcifled by the influence of a power, a degree in* 
ferior to vegetable life.f 

Since 

* If we dip a thread into 9 folution of allum, we find the 
thread will be covered with little cry dais of an oftohcdr^ 
form; if we again immerfe the thread, we do npt find ap 
accidental fcattering of the fame cry dais in dijfFerent p^Uts of 
the thread. The fucceflive layers are determined to the 
firfl cry dais, incrcafing their iize with the fame o6lohedral 
form. 

+ Haller obferves that animal life is a degree above vege- 
tables, and vegetable life a degree abo/e crydallization. Von 
Linnaeus fays, *« Lapides crefcunt, vegetabilia crefcunt & 

vivunt ; 
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Since Mr. Lichtenberg has fhewn what beauti- 
ful configurations may be produced on an cledlre- 
phorous, and the ramifications influenced by the 
ftate of Eleftricity, with fome degree of reafon it 
has been thought that cryftallization may be owing 
to the influence of the fame principle. 

As bodies have different capacities for Eledlri- 
city, fo the conftituent particles of different mine- 
rals polTefs different degrees of power; if they are 
influenced in their arrangement by this power, 
each animal muft have its own refpecflive arrange- 
ment. ' 

When the procefs is flow, the arrangement is 
fymmetrical and regular ; when hurried, the fur- 
faces are ill-formed, and fometimes an aflemblagc 
of almoft imperceptible moleculae.* 

vivunt; anim alia ere feu nt, vtvunt 8c fentiunt." Monfieur 
Mptheric and others have fappofed that there are feeds of 
cryilallization, that there is a fpontancpus generation in the 
mineral kingdom ; they have extended this doftririe fo far 
as to fuppofe animals or vegetables are produced by the 
cryftallization of the feed, 

• Such is the difference between a rhomboidal calcareous 
fpar, and a block of ftalaftites, or white marble ; bel\veen a 
regular cry ftal of felenite, and the common gypfum or ala- 
baftcr ; between a quartz or rock cryftal, the hexagonal ijpc^ 
cies with ifofceles triangular planes, and the unformed 
quartZi as freeftone, agate or flint. 

When 
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When rendered fluid by heat, they are fubj^A to 
the fame influencing principle, and arrange them- 
rfclves in perfect order; inftead of adling from a 
centre, they terminate here, arid commence from 
the circumference. 

This is the reafon why the conftituent particles 
of bodies rendered fluid by heat.are more firmly 
united, than the arrangement of thofe held in wa- 
tery folutions. 

In the cryftallization of falts, each particle a<fls 
uncontrouled by any furrounding medium ; not fo 
with Picked glafs or metals ; the furface is firft 
cooled, and which neceflarily prevents the cxpan- 
liop pf the interior portion, fo that the conftituent 
parcicles are gradually more and rpore wedged with 
each other. 

Glafs, when gradually cooled, is regular in its 
arrangement, if fuddenly cooled or unannealed, 
break, however thick, with the flightcft tremor. 

Exp. with glafs proofs. 

Exp. Batavian, or Prince Rupert's Drop3.* 

On 

^. Thefe Drops are known in England by the name of 
Hand-Crackers, of a pear-like form, with a long tail ; when 
•a fipall part of tjie tail is broke off, the whole Drop is re- 
pluced into powder. 

They are made by letting drops of melted glafs fall into 

a veffcl of cold water ; the tails are afterwards drawn out by 

means of a lamp, 

Tht 
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On ATTRi^CTION and REPULSION. 

All the experiments which have been advanced 
in order to demonfti-ate theexiftence of certain ac^ 
tive powers, may be reduced to the five folloWff 
ing. 

I. The tendency of light bodies floating on the 
furface of water contained in a veflel^. towards the 
fide of the veflel, 

Theglafs is very rapidly cooled, and, as before obfcrved, 
iheconflitiient^partiGles in a very imperfed 'date of union ; 
the interior 'portions of the Drop are flower in their cooling 
as they approach the centre, fo that every fucceflive. portion 
will have their cohftituent. particles in a more perfeft flate 
of union, and corifequently in a ftate of greater approxima- 
tion ; as *fu6h, every interior portion will recede from the 
(exterior, foifii ing invc^ucra like the concentric* partitions of 
an onion. All thefe fpaces muft be in the mod perFc6l ftatc 
of cxhauflion, free from every particle of air. 

That thefe intervals are in a flate-of exhauftion, may be 
farther proved, by rendering the Drops foft by heat; the 
bubbles diminifh, from the glafs, being comprelTcd by the 
external air. 

When a portion of the tail is broke off, a communication 
is formed between the atmofphere and thefe concentric va- 
cua ; the air rufhes in with violence into all the exhau{le4 
intervals; €ach vitreous involucrum yielding to the tremu- 
lous impulfe, the conftituent particles feparate^ and the 
whole falls into ruins* 

2. The 
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2. The rife of fluids in capillary tubes. 

3. The force with which two polifhed leaden 
ipheres cohere. 

4. Reflection and inflexion of light. 

5. Expanfion of bodies by heat, and contradlion 
by cold. 

• Thefe are all reducible to pure mechanical prin- 
ciples, principles which are. cognizable to every 
mind.* 

The terms powers, atberial atmojpheres, attrac-^ 
five and repuljive influences, will be totally rejedled 
^s principles whofe exiflience we are unable to con- 
ceive, and which, infl:ead of elucidating any phas- 
homena of nature, involve them in ftill greater 
pbfcurity. 

We Ihall hereafter fee th^t in Eledricity, Mag- 
petifm and Gravitation, that the adoption of fuch 
terms is not only unneceflary, but alfb unphilofo- 
phical. 

* For the more particular examination of thefe experi- 
ments, the reader is referred to fomc phy fiplogical aijd phi- 
lofophical e0ays I lately publifhed. 
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LECTURE II. 



LAWS OF MOTION. 

From the fubjcdlion of Matter to the influence 
of external agents^ is deduced the firft Law of 
Motion. 

L A W I. 

Every body perfevcres in its ftate of reft or uni- 
form motion in a right line^ until fome external 
force ads upon it,* 

* The pafiive ftate of bodies eafily fuggcds to us the idea 
of its continuing in a ftate of reft, unlefs influenced by ex- 
ternal powers : when impreffed, the perpetuity of its motion 
is not fo conceivable* 

A man failing in a boat, or riding on horfeback, if the 
boat or horfe is fuddenly ftopped, he falls forwards. 

The ancients had many quibbles about motion ; Diodorus 
Siculus denying its cxiftence, and Zeno endeavouring to 
prove the fame from the circumftance of Achilles and the 
(ortoife. 

On the contrary, more modern philofophers, as Wolfins, 
&c. have thought motion an a£live principle in matter, and 
which they have termed vis viva. 

The 
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The refiftance Matter makes to Motion^ is called 
its vis inertiie. 

To term a neg^ivc qualiiy a power is not ftridlly 
philofophical, as being perfedtty fuperfluous, ought 
to be rejeded as unneceflarily embarraflling the 
ftudent's mind. 

LAW IL 

The change of Motion is in proportion- to the 
force impreflfedi and takes place in the dirccftion 
in which the force adls. 

A quiefcent body receiving an impulfe, moves 
with a velocity in ratio to the power with which it 
is impelledb 

Motion of any whole is the fum of the motion^ 
of all the parts ; it becomes doubled in a double 
body moved with, equal velocity, and quadrupled 
in a double body moved with a double velocity. 

Momentum (fometimes called fimply motion) 
is that force with which bodies change, their place. 

This is always in proportion to the quantity of 
Matter multiplied by the velocity. 

The battering-ram of the ancients being in 
weight 41,112 pounds, in a fecond of time was 
moved one foot. A cannon-ball of 36 pounds 
moves ii4i feet in a fecond^of time: thefc multi- 
plied produce 4i>i I3j equal in power to the baiter*, 
ing-ram. 

LAW 
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LAW III. 

Adlion and readion are equal and contrary.* 
Thefe three laws of Motion are aflumcd by Sir 
Ifaac Newton as the fundamental principles of me- 
chanics, as fuch are found to agree with ^11 experi- 
ments and obfervations, are confidered as mathe- 
magically true. 



COMPOSITION AND RESOLUTION 
OF MOTION OR FORCES. 

If a body be adled upon by any two fingle im- 
pulfes, it will defcribe the diagonal of a parallelo- 
gram/ in the fame time it would have defcribed 
either fide, had the forces adled feparately. 

When, a body is kept at reft by three forces, 
they will be as the three fides of a triangle, parallel 

* To illuftratc the law of aftion and rea£tion« Accord- ^ 
itig to Merfennus, a 24 pounder weighing 6400 lb. gives, 
its ball an uniform velocity of 640 feet in a fecond. The 
momenta of the cannon, and the cannon and the ball will /^ 
be equal ; hence 24x640 equal to 6400 X 24, To that on an. 
horizonital plane the cannon would recoil near two feet and 
a half. Thus converfely by knowing the weight of a cannon 
and its recoil, the momentum of the ball is afcertained. - ^ 

to 



( 9^ > 

to the dircdion in which they acH:. If ever fa- 
many forces ading againll one another are kept in 
cquilibrio by thefe adions, they may be all reduced 
to two equal and oppofite forces. 

Two forces afting at the fame time on a body, 
in diredlions which are oblique to each other, do* 
not move the body by that part of their foite, 
which on account of their obliquity is oppofite and 
contrary, but by what remains after the oppofite 
forces are dedudled** 



CENTRIFUGAL POWERS. 

■ 

BoBiEs when thrown into motion, their ten- 
dency to recede from the centre of motion will be 

in the ratio of their momenta. 

« 

• It was objefted to Galilaeo, when he afferted the motion 
of the earth from Weft to Eaft, a cannon baU ihmt upright^ 
would not fall down in or near the place where it was fhpt. 
A ball Hred out of a cannon elevated perpendicularly, and 
placed in a vefTel in full fail, would fall down in thecan^- 
non's mouth. 

So a ball dropt from the top of a ma ft, of a ihip in fulJ^ 
fail, would fall direftly to the bottom of the maft. 

The a£lion communicated to thefe moving bodies, is the 
refult of two forces, the propelling aftion, and the a6lion or 
notion of the Veffel, &c. . . , 

Illuftrated 
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Illuftrated by many expefimeiits on the whiri- 
irig table. 

Thus a bottle of any liquor (which aftef having 
been inuddy, is by length of 'time become fine, 
and is again made foul by fhaking) may fooner be 
brought to be fine by a centrifugal force, than by 
being fet upright at reft. » 

Upon the fame principfes the Weights of the 
fame body differ in different latitudes. The earth 
in its diurnal revolution, the velocity of matter 
is ncceflarily in the ratio of its proximity to the 
equator ; this circumftance influences the vibra- 
tions of pendulums ten times more than their ex- 
panfion by heat ; firfi obfervcd by Richer at Ca- 
yenne. 

From this obfervation it was that Sir llaac 
Newton demonftrated that the equatorial diameter 
is about TTT3- greater than the polar diariietef . 

Under the equator, bodies are carried round 
with a velocity of 1040 miles in an hour. 

This is farther illuftrated by the appearance of 
Jupiter, which being a much larger planet than 
our earth, and its diurnal revolution being per- 
formed in lefs time, is necellarily a more oblate 
fpheroid, or more refembling an orange. 

This was accurately afcertained from telefcopic 
admeafurement by Mr. Pound, who found that 

H the 



11 



( 94 ) 

t^c cquatofia'I diameter of Jupiter is A lorfger 
than the polar diameter. 

Caffihi depending on feme inaccurate meaftires 
of Picard, of the meridian from Paris to rhe Py- 
rencan Mountains, endeavoured to prove the earth 
was an oblong fpheroid, or like an egg ; whofe 
polar axis exceeds the equatorial diameter by 34 
leagues. 

As thefe jtdmeafurement^ were made by a 10 
foot fedor, where the 200th part of an inch an- 
fwei-s to 8 feconds of a degree, the error of a An- 
gle fecond would be equal tb 130 fa:thonis. 

To determine this difpute, Louis XIV. at the 
fequeft of his minifter Colbert, fcnt Bongoudr, 
Condamine, Don Ulloa to South America, Mau- 
pcrtuis, &c. to Lapland; they afccrtained the 



meafures of a degree ai follows : 



Under the Line 56,753 toifea 
45 deg. lat. - 57,028 
Paris 49 deg. lat. 57,069 
51 & 52 deg. lat. 57,100 
Lapland - - 57,4^2 

A French toife being equal to 6,408 Englirti 
feet. 

When on any meridian line the altitude of the 
Pole is obferved proceeding Northwards till the 

elevation 
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elevation is one degree more, or Southward till 
the height is one degree lefs, the diftance between 
thefe two places is eafily afcertained by Trigono- 
metry when the fundamental bafe is known. 



CENTRIPETAL POWER, or GRAVI- 
TATION, 

Is the tendency of matter, with refped to ter- 
rcftrial beings, to the centre of the earth. 

Copernicus regarded it as an appeteniia that 
the Creator had impreffed on all kinds of matter. 
Tycho Brahe, and his pupil Kepler, had fome im- 
perfecfl: theories. 

The caufe of gravity is ftill involved in impe- 
netrable darknefs. Dr. Halley refers it to the im- 
mediate agency of the Creator. Mr. Cotes deems 
it eflcntial to matter, like extenfibn and mobility. 
Newton attributes it to fome undifcovered and 
invifible mechanical affedlion of matter, and ra- 
ther fuppofes the exiftencc of fome kind of aether, 
rarer within the denfe bodies of the fun and pla- 
nets, than in empty fpace. 

It is difficult to conceive a fluid fubtle enough to 
penetrate the inmoft recefles of denfe bodies^ and 

Hz fo 
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fo rare as not to impede their motions, (liould yet 
be deemed capable of communicating motion. 

Fluids prcfs according to the furface expofed, 
Fhile gravity is always in proportion to the quan- 
tity of matter. 

To afcertain whether fuch a power as gravita- 
tion exifted, Bougouer in 1738, when at Peru, 
tried the largeft of the Andes, whofe bulk to 
the earth was as 1 to 2000, there was no coinci- 
dence. 

Dr. Mafkelyne more accurately tried this on the 
mountain Schehallien, in Perthlhire, and which 
conliderably more influenced the vertical pofition 
of the plumb-line* 

May not gravitation be the mechanical efFeft 
of the motion of the earth in its orbit? all terref- 
trial bodies participating of the fame impulfe, 
would hence have a tendency to pcrfevere in this 
motion, according to the quantities of matter. 
. Upon the fame principle may be explained the 
different weights of the fame body in different la- 
titudes. 

The earth in its orbit moves at the tate of 
J, 600,000 miles in a day, while it has a contrary 
motion round its axis from Weft to Eaft* 

The portion of earth near to the Line moves 
about 1040 miles every hour. In the latitude of 
England, the motion of bodies is not more than 

600 
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6oo miles. At the poles of the earth there is no 
counteradling motion. 

From this it would appear that a body weigh- 
ing 70 pound at the Poles, would weigh a little 

» 

more than 69 pound and a half in England, and 
69 pound under the i-ine. 

So that a body weighing 200 pound in Eng- 
land, would lofe near one pound when under the 
Line, 

This circumftance nearly coincides w ith expe- 
rience, as Mr. Richer obferved at Cayenne, from 
the tranlits of the fixed ftars over the nrieridian, 
that his clock loft two minutes, twenty-eight fc- 
conds per day, and hence it was neceflary to Ihort* 
en the pendulum one line and a quarter, . 

Four or five years after, Dr. Halley obferved 
the fame at St. Helena, and remarked that the in- 
creafe of femperj^turc wpuld only have expanded 
the pendulum as tp have required the 70th part of 
an inch, while the diminution of gravity obliged 
him tp Ihorten it the 7th of an inch^ or ten times 
n^ore. 
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Of THE DESCENT OF BODIES. 



When a body near the furface of the earth is 
kft to itfelf, it falls towards the centre of the earth 
with an accelerated force. 

tralilaeo firft explained this, and dettionftrated 
that this increafed as the fquares cf the times of 
defcent. 

TsFeWton afcertained, by letting a heavy body 
fajl from the dome of St. Paul's, that it pafled 
through r6 feet and one inch, in a fccond of 



time. 



A body at the end of its fall in one fecond, if 
continued on with the velocity it acquires in the 
laift inftant of time (fuppofing a fecond divided 
into a number of inftants) would defcribe double 
fpace, as the gravitating power ftill continues, being 
added to it, will make the defcent in the fecond 
moment 48 feet and a quarter, and nearly 80 feet 
and a half in the third, &c. 

This impulfe ading with gravitation, occafions 
the proportionate acceleration in the arithmetical 
ratio of I, 3, 5, 7, 9, 11, &c. 

A heavy body falling in the firft moment will 
be 1 6 feet and a half, in the fecond moment three 

times 
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times this number of feet, in the third moment 
five times, &c. ^ 

Five times added to three and one make the 
fum of nine; by multiplying this by i6 feet and a 
half, will exprefs the fpace it has gone thiough at 
the end of three feconds ; as the fquare root pf nine 
is three, the fpaces gone through will be as the 
fqqares of the times. 

The percuflivc force of falling bodies may thus 
be afcertained. One pound weight f^Uing froni 
the height of one foot, acquired a momentum af 
the end of its fall equal to three pounds, at four 
feet fix times, fixteep feet twelve times, thirty-fix 
feet eighteen times. 

Thus 500 pound falling from the height of fix;^ 
teen feet, would acquire a monientiim at the end 
qf it^ fall equal to three ton weight. 

As the ftme time is nearly expended in the af- 
cent ^s in the defcwt of Ijodies, by obferyipg the 
time elapfed :between its being thrown up^nd it$ 
return, may afccrtain the height. Thus alfo the 
depth of a wdl or pit w^y be known, by letting 
a ftone fall. 

All bodies whatfoeivcr fall with equal velocity, 
provided they pafs not through a refitting me- 
dium. 
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CENTRE OF GRAVITY. 



In every body there is a certain point, which if 
fufpended, all the reft are kept in equilibrio ; this 
point is called the Centre of Gravity. 

A line drawn from this point towards the centre 
of the earth, is called the Line of Direction. In 
this lifie all bodies will defcend with equal velo- 
city. 

When inclined bodies are fet upon an horizon- 
tal plane, they will fall the waythey incline, if the 
Line of Diredlion does not fall within the bafc. 
When it does fall within the bafe, they raay be 
confiderably inclined, and yet fupported; as is 
the cafe of the inclined tower at Bologna. 

Exp. I. Double cone rolls upwards, whtn the 
elevation does not exceed the radius of the bafe. 

Exp. 2. The truncated cone for railing water 
from great depths, and emptying it in ttoughs. 

Exp. 3. Bucket of water. 

Exp. 4. Stick broke on two glaflcf. 

Exp. 5, Inclined cylinder. 
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PENDULUM, 



Any body hanging from a point is called a Pen* 
dulum. 

GalilaeOj from obferving the Twinging of his 
lamp^ firft remarked^ that the vibrations, whether 
flow or quickj were performed in equal times; 
and hence thought it might be made ufe of as a 
meafurer of time, 

Huygcns was the firft who applied it to clocks. 

A Pendulum 39 inches and two-tenths vibrates 
once in ^ fecond ; to vibrate once in two feconds^ 
it muft be 159 inches, or four times as long ; fo 
that the lengths will be as the fquares of the 
Itimes. 

As Pendulums are fubjed to changes in the 
fame latitudes, from diverfities of temperature, 
when expanded in fummcr will move flower ; to 
remedy this there is a fcre^^ placed at the bottom 
of the Pendulum, called a regulating bob, in order 
to adjuft it. 

To re&ify this, various fchemes have been a- 
dopred ; metals (expanding in contrary diredlions, 
in ofdef to counferaft each pther, ynited in the 

forn* 
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form of a gridiron^ others made of glafs filled with 
mercury. 

The length is taken from the fufpended point 
to the centre of ofcillation, the heavier the bottom 
part of the Pendulum is the more accurate. 



MECHANICS. 



EviRY thing is called a* power which is capa- 
ble Qf aSing upon a bod/, and every power which 
can thus aft upon matter is fuppofed to be mate- 
rial, without regarding any abftrufe fpeculations 
refpcvfting its nature. 

The mechanical powers are generally reduced 
to fix : the Lever, Wheel .and Axle^ the PuUeyi 
the inclined Plane, the Screw and Wedge. To 
thefe a feventh may be added, as one whofe me- 
chanical advantage is.extcnfive, and i<^hich cannot 
be -reduced to any of thefe, viz. the Spring, 

I. The LEVER.— ^Qf thefe there are three fpe^ 
cics : ifirft, when the prefcliesibctwaen the weight 
and power ; as fciflars, pincers, fnufFcrs, hammer, 
crow, &c. Second fpecies, is when the weight is 
between the fulcrum and the power, As oars, doors, 
two men carrying a load uponaftiek, &c* Thiitl 
fpecies, is when the power is between the weight 

and 
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and the fulcrum, as in rearing a ladder, fo all the 
mufcles of the human body. In all thcfe the 
power is to the weight inverfely, as their diftances 
from the fulcrum. 

OBLIQUE LEVERS. — Thefe are adopted 
when the motions cannot be diredlly applied m the 
direction of the motion required, fuch as wind- 
mills where the air ads in an oblique direction ; 
fo in water-mills, in pumps of all kinds where the 
crank is applied ; in thefe cafes part of the real 
power muft be applied to no efficient purpofc, 
and the remainder only becomes the real motive 
force. 

COMPOUND LEVER.— If the Levers are of 
equal power, whatever number there are com- 
bined, the united powers will be as the power of 
one Lever, ' whofe index is the number of Levers, 

This is faid to be the conftruftion of a machine 
of Archimedes : on this principle depends the 
weighing machines. . 

Second Mechanical Power, the WHEEL and 
AXLE. In this the power is to the weight, as the 
diameter of the Axle is to the diameter of the 
Wheel. If there arefeveral Wheels fo conftructed 
that the circumference of one afts upon the Axis 
of the other, the power is to the weight as the fum 
of the diameters of the Axles is to the fum of the 
diameters of all the Wheels, 

Thus 
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Thus in a watch^ as the main fpring unbend s^ 
the chdin is proportionably removed from the Axis 
of the fufee Wheel. In order to preferve a regu- 
lar movement, the fufee is formed of that curve 
called the logarithmic curve, which correfponds 
to the progreffive decreafe of elafticity. 

III. INCLINED PLANE— Power is to the 
weigbtj as the height of the Plane is to the length 
of its bafe, 

IV. The PULLEY.— In a fixed Pulley, the 
power is equal to the weight. In this no mecha* 
nical advantage, except the conveniency of alter- 
ing the diredlion in which the power is applied. 
If the fame firing go round twp fcts of Pullies in 
two blocks, the power is tq the weight as unity 
is to the number of firings at the lower block. 
In this the lower block is added to the weight. 
If each Pulley have a feparat^ firing fixed to fome- 
thing immovable above, the power is to the weight, 
as unity is to that power of two, whofe index i$ 
the number of moveable Pullies. Here all the 
moveable Pullies co operate with the weighft 

Mr. White's Pullies confift of two, each having 
Inany concentric grooves, whofe diameters are in 
the ratio of their velocities : hence their revolutions 
are made in the fame time, well calculated for de- 
ftroying that fliaking motion experienced in blocks 

of 
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of PuUies, from one Pulley moving fo much quickci* 
than another. 

V. SCREW. — The power is to the weight, asl 
the diftance between any two contiguous threads is 
to the circumference defcribed by the power. 

The Screw is the ftrongeft of all the mechani- 
cal powers ; the great difparity between the velo- 
city of the hand and that of the threads of the 
Screw, renders it very proper for dividing fpacc 
into a great number of parts ; hence well calcu- 
lated for the nice adjuftment of microfcopes, te- 
lefcopes, &c. 

VI. WEDGE. — Hamilton, Defaguliers, Emer- 
fon, Mufchenbroek, and Gravefand affert, that 
the power is to the refiftance as one half the back 
is to the height ; whilft Keil, Whifton, and Ni- 
cholfon aflign this ratio to be that of the whole 
back to the height. In both thefe cafes it is fup-^ 
pofed the power ads parallel to the bafe. 

Experience does not coincide with theory. Ap- 
ply a ton weight upon a Wedge and it will not pe- 
netrate, whilft the impulfe of a child will make it 
enter. The impulfe excites a vibratory motion in 
the conftituent parts of the body, and in the in- 
ftant of relaxation the Wedge enters ; while in the 
iucceffive inftant the conftituent particles meeting 
thus with a refiftance to their re-adlion, exerts a - 
force which tends to further reparation. 

Seventh 
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Seventh Mechanical Power, the SPRING.— 
From this» great mechanical advantage is derived 
in variety of inftniments, particularly in carriages. 
Thus in the rough roads of Chefhire, a pair of 
horfes can draw a carriage upon Springs better than 
four horfes could without. Springs in this cafe 
accumulate a kind oC motion, which facilitates the 
progreffive one fimilar to flys, and vibrating ba- 
lances which in clock-work accumulate the fuper- 
fluous power, and impart it occafionally to equa- 
lize the motion. 



FRICTION. 



In proportion to the quantities of matter, and 
not the furfaces. The dodrine of Friftion, Wheel, 
&c. 



OPTICS. 



Rays of Light proceed from luminous bodies 
in right lines and in all directions. 

Whether Light is univerfally difFufed, or ema- 
nates from the Sun, is a fubjedl much controvert- 
ed 
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td by philofophers. 0es Cartes, Huygens, Eu- 
ler. Dr. Franklin, and many others, have fup- 
pofed Light is univerfally difFufed, while Roemer, 
Newton, and the generality of philofophers deem 
the Sun the fource of this fluid. 

If Light were univerfally diffufed, the fame ef- 
fects do not take place from an impreflion as in 
other difFufed fluids, '* Preffio non propagatur 
per fluidum fecundum Lineas rcAas, nifi ubi par- 
ticulas fluidi in diredlum jacent." 

Roemer has afcertained from the eclipfes of the 
Jovial Satellites, that Light is progreflive in its 
motion ; that it required eight minutes and a few 
feconds to pafs from the Sun to the Earth. Thefc 
bbfervations have received additional confirmation 
from .their coincidence with the Celebrated difco- 
very of Dr. Bradley, refpeding the aberration of 
the fl:ars. Light is material. 

Although objedlions may be made to thefe ex- 
periments, which have been brought forwards as 
proofs of the momentum of Light, as the agitation 
of albeftos, feathers ; delicate brafs vanes, llifpend- 
cd on harpfichord wire, being thrown into motion; 
yet the evident efFedls produced by its combination 
with many bodies, are great proofs of its materia- 
lity. 

Franklin fuppofed that any particle of matter, 
however fmall, moving with a velocity of near 

2O0j00O 
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iqo,ooo miles in a fecond of time» thai tci md-» 
mentuni would be equal to a 24 pounder difcharged 

I from i cannon. 

if we fuppofe a luminous particle^ equal in bulk 
to the minuteft portion of volatile effluvia, which 

, can be calculated, the force of motion in each par- 
ticle would be infinitely inferior to the momentum 
of the gentleft dew* 

if^ Light is a fluid fui generis. Bodies may be 
heated from 540 degrees down to 60 degrees with** 
out exciting any fenflble illumination ; while on 
the contrary, we fee Light from the flow phofpho- 
refcent combufl:ion o£ the lanthorn-fly and the 

^ glow^wofnl. 

Fire is difliifible equal, and penetrates all bo-» 
dies without exception, while Light only produces 
fenfible effefts on opaque matter. Fire, unlefs 
very intenfe, produces no change in the colourlefs 
nitrous acid, while Light gives it another tinge, 
and renders it fuming. 

Light blackens the oxyds of filver, mercury, 
and bifmuth, whitens the fulphurated calx of an- 
timony, gives the purple colours to the juice of 
the murex, the violet to the decodlion of archil 

and trefoil* 

Animals confined lit obfcurity become white, 
from the Ardic bear to the larvae of the minuteft 
infed : the tree frog, brought from its dark reccfs^ 

changes 



(■hinges from a dirty yellow to a dark grceil. The 
infant negro and native American are fairer than 
their parents ; and their change of colour is attri-. 
buted, by Dr. Bancroft, to a combination of Light 
with their reticular membrane* 

The French chymifts, from ndt finding any vo- 
latile alkali or phofphoric falts in foetal fluids^ 
have hence fuppofed Light to be a neceflary in* 
gredient in thefe falts* 

Thus the human fpecies become pale frcm con- 
finement, and Girtanner has found that pale ani- 
mals and white plants are peculiarly weak* 

Sometimes there appear exceptions to this, as 
various plants and mofles, as the poa annua et com^ 
preffa, plantago lanceolata^ tripolium anuenje^ cheir- 
anthus cheiri. Lichen vertrillatus are of a green 
colour, though growing in the galleries of mipes. 
But Sennebier, Ingenhoufz, Rozier, &c. attribute 
this to the azotic and inflammable air ; that the 
latter contains a quantity of Light, when inflamma- 
ble air is joined with pure air> increafe the green 
<!:olour. 

Teflier has remarked that potatoes, when guard- 
ed from Light, mix their roots and young branches 
indifcriminately- 

Plants, when expdfed to Light, fccrete pure 
air ; in the night time they evolve impure air. 

I The 
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The effed of Light incryftallization is very evi- 
dent, the cryftals are better fbrmed ; in this cafe it- 
appears to difengage the eledtricity of the cryftal, 
and thus influencing the arrangement. 

The heliotropii, and many of the fun-flotver 
clafs, turn with the Sun, and ftiovc with that lumi- 
nary ; whea he is deprefled below the horizon, the 
jflowers clofe their leaves^ and fall into a vegetable 
fleep. 

The diamond and many other gems have the pro- 
perty of abforbing Light, and of giving it out in 
the dark. 



REFRACTION. 



Every phyfical point of a luminous objedl, has 
rays of Light proceeding from it in every direc- 
tion ; when thefe rays enter into any medium ob- 
liquely to the plane, ^heir redlilinear courfe is 
changed, and bend from the right line in that point 
where they enter the different n>edium. 

In thofe tranfparent fubftances, which are not 
inflammable, thisTcfra(5lion is nearly in the propor- 
tion of their fpecific gravities. 

When 
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When a ray of light enters into a denfer medium, 
it becomes refraded towards the perpendicular; 
when into ^ rarer, the oppofitc. 

Thofe tran(parent fubftances which are inflam- 
mable, a ray of Light in its paflage through them 
fuiFers a greater rcfradlion than in the ratio of their 
dcnfities. 

Thus in our atmofphere, confifl:ing of infinite 
aerial ftrata of different progreflivc media, a folar 
ray meets with a continual refradlion towards the 
perpendicular, and confequently defcribes a con- 
vilincar line. 

In the fame medium, however the rays of Light 
may vary in their obliquity, the refracted ray bears 
univerfally the fame proportion to the incident 
ray. 

A ray of Light pafling out of air into water, 
when refradled the ray approaches the perpendicu- 
lar in the proportion of three to four, out of air in- 
to glafs as three to two. 

This proportion always holds good, whatever 
may be the form of the medium. 

When a glafs is a plane furface, one perpendicu- 
lar to any one part will be parallel to a perpendicu- 
lar to any other. 

When any other figure^this varies, and the per- 
pendicular muft be taken from that point of the 
curve where the ray enters. >. 

I 2 ' If 
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If this curve is regular, having one and the lame 
centre, the refradiions in every part will fo take 
place with the fame degree of inclinations towards 
the axis of the lens, as to unite in one and the fame 
point. 

As the perpendicular line to any point is always 
drawn fronqi the centre of the curve through that 
point, the more convex the lens, the lefs diftance 
there muft be between the circumference and the 
centre, and confequently the refraded ray muft 
unite fooner in the axis. 

The point where all the rays unite, is called the 
focus. A burning lens muft be convex, all the 
Light which is thrown upon its furface is con- 
dcnfed into a fmall circular fpace ; the united rays 
produce efFeds in proportion to the extent of fur- 
face. This point varies according to the diftance 
of the objed: from which the rays of light are e- 
volved. . 

Hence it is very eafy to calculate the focus, when 
there are given the diftance of the objed, the rc- 
fradiing power of the medium, and the radius of 
the curve. , . 

If a glafs lens be very large, by mealuring the 
thicknefs of the edges and of the middle, the focal 
length is eafily afcertained. It will be as thediffe- 
rence between the thicknefles of the middle and of 
the edge, is to half the breadth, fo is half the 

breadth 
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breadth to the focal length. If a'glafs fphere, the 
focus will be ^ of its diameter diftant from the 
vertex. In a piano convex, the focus will be ^ of 
its thicknefs nearer when the rays fall on the con- 
vex fide, than when they fall on the plane fide. 
In a very thin glafs lens, half the breadth is a 
mean proportional betwixt its thicknefs and focal 
length. 

When an objetft is placed before a double con- 
vex lens at any difl:ance greater than the radius of 
the fphere, the image will be inverted. 



CONCAVE LENS. 



As convex glaflis caufe the rays of Light to 
converge and unite, fo thofe which are concave 
make them fep^rate and diverge. . 

As concave glafles do not colledl the rays, they 
have not a real focus, as the rays after they have 
pafled through fuch glafles do flow in fuch a man- 
ner as that they either tend to fonie point behind 
the glafs, or appear to flow from fome point be- 
fore it ; thefe points are ufually called the foci. 

If rays which are converging towards a focus be 
interrupted by a concave lens, whofe difl:ance 

I 3 from 
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from the focus is ^cqual to the radius of its con- 
cavity, after they have palled through the glafs 
they will ceafe to converge and become parallel. 



CATOPTRICKS. 

A RAY of Light falling on a mirror is refleded 
in an angle equal to the incident one. 

If an objeft be placed before a concave fpeculum 
at an infinite diftance, the image will appear on the 
fame fide of the fpeculum as the objedl. This is 
called its focus, w hen converging the parallel rays 
of the Sun. As the objed; approaches the fpecu- 
lum, the image recedes ; and when fo near as to 
be at the centre, both will coincide ; as the objeft 
pafles the centre towards the glafs, the image is 
projefted towards the centre; and when but half 
the radius diftant, the image is at an infinite dif- 
tance, or proceed parallel, and the fpeculum will 
feem to be in flames ; when the diftance is lefs than 
half the radius, the image appears behind the fpe- 
culum. 



CONVEX 
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CONVEX SPECULUM. 

The pofition of images feen by reflexion always 
appear eredt, the feveral parts of the im^gc have 
•the fame fituation with the correfponding parts of 
the obje<5l, and of confequence the image appes^rs 
eredl. 



COLOURS. 

J 

Rays of Light have hitherto been confidered as 
undergoing no change from refradion* Newton 
has Ihewn that a ray of Light confifts of different 
portions, which differ in degrees of refrangibility, 
which portions polTcfs colours lafling and perma- 
nent, fo as not to be chc^nged either by refradion 
or refiedion. 

When a ray of Light palTes through a glafs 
prifm, that portion which is the leaft refra<5led 
will be red, the next orange, yellow, green, blue, 
purple, and violet. 

It is owing to this that no convex glafs can con- 
verge rays of Light to a fimilar point from which 
they originated, but forms a circle of fome aberra- 
tions. 

I 4 Owing 
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Owing to thefe different refradions they cannot 
all unite in the fame point of the axis, but will 
form a circle of certain dimenfipns. 

This deviation from a point is called the aberra- 
tion. The fpace is ^V P^rt of the furface through 
which the rays of Light have flowed. Thefe a- 
bcrrations are divided into two, viz. the longitu- 
dinal and lateral aberrations. 

^ The refrad:ive qualities of different kinds of 
glalTes, with refpccS: to the divergency of colours, 
are not in the farnc degree of ratio^ 

This property was firft afcertained by Mr. DoU 
lond, who found that white flint glafs difperfed 
the rays, after refradlion, one-third more than 
crown glafs. 

f^ Two wedges of glafs, one of flint of twenty dc-. 
grees, and the other of crown of thirty degrees, the 
Light would be refraded but not coloured. 

By combining in this proportion a convex glafs 
of crown, and a concave one of flint, there would 
be a refraftion without any colouring; as the ex- 
ccfs of refraction is in the convex^ the rays of Light 

^ yt'ould be converging. 



RAIN- 
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RAX N B O W. 



Aristotle knew it was produced by watery 
drops ; he thought a fingle particle was too fmall 
to reflect the whole image of the Sun : hence, he 
fays, the colour is only exhibited, and not it* 
proper figure. 

Seneca and Vitellio fuppofed the colours of 
the Rainbow to be three, and produced by a 
mixture of the brightnefs of the Sun*s Light with 
the blacknefs of the cloud from which it is re- 
flededi Porta thought the Rainbow produced 
by the refradlion of Light in the whole body of 
Rain or Vapours, bur not in the feparate drops. 

In 157 1> Fletcher of Breflaw, endeavoured to 
account for thefe colours, by means of a double 
refracflion and one reflecStion ; he did not ima- 
gine that thefe circumftances took place in one 
drop, that it fufFered a refradion at its entrance 
and at its exit, and was afterwards refled:ed by 
another drop before it reached the eye. 

In 161 1, Antonio de Dominis, a bilhop, firfl: 
isidvanced that the double refradlion of Fletcher 
with an intervening reflcdion, were fufficient to 

produce 
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produce the colour of the Bow, and to bring them 
to the eye of the fpeftator. 

Not knowing the different refrangibility of the 
coloured rays, he endeavoured to explain thefe 
colours by fuppofing the red rays had traverfed 
the leaft fpace in the infide of a drop of water, 
and therefore retained more of their native force, 
and produced a ftronger fenfation : he had alfo 
obferved that one drop fends one colour to the 
eye, another drop another colour, as the eye was 
not wide enough to receive rays of all colours 
from the fame drop. 

As all the rays of fimilar colours mqft leavq 
the drop of water in a part fimilarly iituated with 
refpcd: to the eye; hence each of the colours mull: 
appear circular. 

The external Bow he imagined was formed by 
the higher part of the Sun's difc, and the interior 
Bow by the lower part» 

Des Cartes (hewed the outer Bow was pro^ 
duced by two refledions and two refradions in 
the fame drop of water. 

Newton, after afcertaining the refrangibility of 
the coloured rays, applied his reafoning to the 
explication of thefe phaenomena. 

The moft refrangible rays form an angle with 
the Sun and the eye, of 40 deg. 17 min, and the 
leaft refrangible rays of 43 deg« 2 min^ in order 

to 

f 
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to conftitute the lower Bow ; the differeace will 
give the width by conHdjering the Sun a& a pointy, 
as it fubtends an angle of 30 minutes, this mult 
be added to it« 

In the fuperior Bow the ieaft refrangible rays 
will have an angle of 50 deg. 51 min. and the 
moft refrangible 54 deg. 7 min. As thefe angle* 
are reverfed, the colours muft bealfo ; and hence 
the diftance between the Bows- will be S deg. 49 
min. 

Sometimes a third Rainbow has been feen. Cel- 
fius defcribes one larger than the other two, and 
interfering them. Mr. Edwards faw one fame 
time after the Sun had fet. 

Halos or Corona, are luminous circles fur- 
rounding the Sun, Moon, and Planets, varying 
in their fizc or extent. Mufchenbroek fays, ia 
Holland fifty may be feen in a day. Des Cartes 
imagined they were produced by therefradion of 
Light in round particles of ice floating in the at^ 
mofphere. Gaflendus fuppofed it was owing to 
the fame caufc as Rainbows. 

Huygens invented a laboured hypothefis, 
which has been adopted by Newton and Smithy 
Thefe fuppofed there were in the atmofpberc 
tranfparent bodies with opaque nuclei, formed 
by ice without and fnow within^ 

Halos 
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Halos or Coronas we may form at pleafurc, by 
placing a candle in the midft of fome fteam, or 
beyond a receiver during the procefs of exhauf- 
tion, and viewing the Light through the cloudy 
precipitation. 



PARHELIA, OR MOCK SUNS. 



Aristotle mentions two, Scheiner faw four 
at Rome which were the firft that excited the at- 
tention of philofophers. Mufchenbroek faw the 
fame number at Utrecht, and in 1661 Hevelius 
faw feven at Sedan ; their apparent fize, equal to 
the true Sun, are externally tinged, and many have 
a fiery tail. Dr. Halley mentions one with tails 
each way. 

Sometimes three Suns have been feen in the 
fame vertical circle, well defined, and touching 
one another, the true Sun in the middle. 

In 1 77 1, Mr. Baxter at Fort Gloucefler in A- 
merica, on January 2 2d, the froft fevere, faw 
five ; at firft he obfcrved a large circle round the 
Sun, with two Parhelia as brilliant as the original 
Sun ; a little more than one-third from the hori- 
zon 
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zon to the zenith a beautiful enlightened circle pa- 
rallel to the horizon, which went quite round, till 
the two ends met in the circle furrounding the 
Sun ; diredly oppofite to the Sun a luminous 
crofs, and in its interfedlions a Mock Sun ; near 
the zenith was a beautiful Rainbow, with its con* 
vex fideoppofed to the Sun. 

Thefe phsenomena are attributed by Dcchales 
to refledlions of the image of the Sun, from clouds 
properly figured and well defined* 



PARASALENES 



Are fimilar phaenomena refpeding the Moon. 



EYE. 

The parts of the Eye neceffary for explaining 
the manner of vifion defcribed. The Cornea, the 
Aqueous Humour, the Iris and Pupil, the Cryf- 
taline Lens, its furrounding Capfule^ and the 
Ciliary Zone, the Vitreous Humour, the Retina, 
Pigmentum, Choroid Coat, and the Optic 
Nerve. 

A ray of Light coming from a luminous body, 
or refledcd from any object, falls in fuch a man- 
ner 
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Iter upon the Tunica Cornea of the Eye, as to 
form a fharp cone between the lucid point and 
the membrane on which they are fpread. The 
Cornea, by being fpherical, admits of an infinite 
number of perpendrcular ray«, whilft if it had 
been of a plane Furface, could only Tiave admit- 
ted of one; on this account vifion would have 
been nnich limited, for rays would then have en- 
tered Fo obliquely, inftead of being refradted 
would have been reftecfted. 

In infefts who are deprived of motion of the 
head, is beautifully reticulated, each portion be- 
ing a part of a diftinft fphere, in order to pro- 
duce a quick convergency of Furrounding rays. 
In fiica it is eaFy to coAint three thoufand inter- 
flices. I^ewenhoek imagined they were Fo many 
diftinct Eyes ; there is only one Cryftalline Lens 
common w> them, all. 

The Cornea itFelf being a meniFqus glaFs, like 
all media of a curvilinear nature whofe correfpond- 
ing curves arc concentric, the refradlion in the 
entrance is Fo correded by the reFraftion in the 
exit, as to render the emergent ray in the Fame 
line oF continuation with the incident one. 

As between the Cornea and the Iris there is 
interpofed a fluid of nearly the Fame denfity with 
water, this renders the Cornea a plane convex 

Lens> 
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Lens, which form caufes the rays to converge 
after their entrance. 

The Aqueous Humour, by being fluid, allows 
of a free and eafy motion to the dilatation and 
contraction of the Pupil. Fifties have a very 
fmall portion of this fluid, in them it would be 
ufclefs, as they are furrounded by an equally 
dcnfe medium. 

The rays thus gently converging, pafs through 
the perforation of the Iris, called the Pupil, which 
in all animals intended to fee equally every way 
is orbicular, a form which allows of the tranf- 
miflion of the greateft quantity of Light in the 
leafl: fpace. In the Iris df a greyhound, the two 
range of mufcular fibres are very vifible, one or- 
der radiated, and the othet orbicular concentric 
to the Pupil ; the former by contradting dilate 
the Pupil, the latter diminifti it. 

Thefe fibres arc cxquifitely fenfible, and pre* 
fcrve the Retina from being too much injured, by 
thus regulating the intenfity of Light. 

It is by this we difl:inguifti whether a cataradt 
or opaque cryftalline be combined with a Gutta 
Serena; if weobferve no coincident contraAion of 
the Iris of the difeafed Eye from the fympathi- 
fing influence of the other, the removal of the 
Cryfl^alline would then afford no relief. 

If 
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If this fibrous contra^flion were in the proper-* 
tion of the weakeft Light to the ftrongeft, the 
degrees of contradion would then be one million 
of times; the faint glimmering of a diftant can* 
die to the unclouded rays of the meridian Sun is 
as I to 1^000,000. 

Some animals have a voluntary power over the 
Pupilj as the cat, &c. Dr. Goddard tells us 
that the camelion not only can dilate one without 
contradling the other^ even look upwards with 
one Eye, while downwards with the other. 

The rays, after having paffed through the Pu-* 
pil, enter the Cryftalline Lens, a medium of a 
denfer nature, and beautifully formed of two el- 
liptical convex portions, the anterior flatter than 
the pofterior, compofcd of concentric Lamina, 
the external Lamina being of a foft mucilaginous 
nature, the interior more compad, till atlaft they 
form a fort of continued Nucleus. 

The fpecific gravity of th^ whole Lens is lefs 
than the fpecific gravity of the Nucleus. This 
different denfity of the conftituent parts is admi- 
rably contrived for correcfling the aberration 
from its figure, as well as of the Cornea, &c. 
The rays in each pencil are more and more re- 
mote from the Axis, by pafling through a me- 
dium gradually diminiihing in denfity from the 
middle towards the extremes, have their foci gra- 
dually 
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tJtially lengthened^ which cofrefts the abeffatidns 
of the figure^ that fo they may all unite nearer td-. 
gether. 

The aberrations arifing froln figure of a fitiall 
Lens is inconiiderable to the aberrations caufed 
by the unequal refrangibility of the rays of Lights 

Euler fuppofed the Eye perfedlly achromatic^ 
while Dr. Malkelyne has attempted to calculate 
the circle of aberrations upon the Retina to be 
.002667 of an inch ; he thinks fomefuch aberra- 
tion neceflary to account for the fenfible diame^ 
ters of fome of the fixed Stars* 

The rays, after paffing through the Cryftalline 
enter the Vitreous Humour, which being nearly 
of afimilar denfity, produces lio alteration in the 
rtfradlioiii 

Its ufe feems principally to preferve the fphe- 
rical form of the Eye, and to keep the Retina at 
an equal diftance from the CryftallinCi. 

The rays of Light converge in the very points 
they emerge from the Vitreous, which is imme- 
diately covered by the expanlion of the Optic 
Nervci termed the Retina. 

The Retina,, when examined by a high magni- 
fying power, appears like a piece of plulh, with 
the ends ot the threads turned towards the Cryf- 
talline* 

K A circle 
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A ci^cl^ facing the Eye, fabteiiding atn angld 
of one minute^ its diameter on the Retina witlbe 
■^■^ of an inch^ fuppofing the intcrfedlion of 
the ray* to be. juft as they emerge from the Cryf- 
tallinc ; this coincides nearly with the intervals 
between two fibrils. 

Thofe who can fee remote objects more diftindt 
than others, have the intervals between the fi- 
brils lefs. Mufchenbroek informs us of one man 
li/ho couM count 13 Stars in the Pkiades, and 
Ma^ftlinus could difiinguifh alfo with the naked 
Eye, three Satellites of Jupiter. 

How to a/certain Dijtance. 

If theadmeafurements of the different parts of 
the Eye given by Monf. Petit arecorrecSt, perfcdl 
vifion will be at 24 inches. Rays of Light pro- 
ceeding from this diftance will be converged on 
the Retina, without any alteration of the Eye* 

. If theobjedt fhould be nearer, the rays of Light 
would be more diverging, and wouldnot be con- 
verged on the Retina without fome change in the 
Eye ; fo Light from objeds remotely fitaated,' 
by being parallel, would be converged too foon. 

. To make the requifite change, the mufcles fur- 
rounding the Eye, or any alteration of the Cor- 
nea, Mould be inadequate; if the exterior curva- 
ture 
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tUi*e of the Cryftalline Lens be rendered equally 
convex with the pofterior, Rays of Light from 
hear fituated objecfts would be converged ; if the 
pofterior curvature fhould be reduced to anequa* 
lity with the anterior, parallel rays would be con- 
verged. 

In thcfe changes the furroundi ng Capfule 
would occafionally become corrugated j this is 
prevented by the Ciliary Zone^ which by itsoc-^ 
cafional contraftion prevents this* 

In fifties nature makes the change only in this 
part ; thofe who have fuffered an extradlion of this 
Lens, are obliged to make ufe of glafles of dif- 
ferent convexities, proportioned to the diflances* 

The mind, from experience, affbciates the dif- 
tance of the objecfl with thefe refpedtive changes, 
as far as thefe occur, forms an idea of the remote- 
nefsor proximity of an ©bjedl, 

Marriotte finding a piece of paper is loft to the 
Eye, whofe diameter is about the tenth part of 
its diftance from the Eye ; the angle thus formed 
by the interfcdied ray and the internal bafe, cor- 
refponds to the diameter of the Nerve : from the 
infenfibility of this part of the Retina, he hence 
imagined the choro'ides was the feat of vifion. 
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The Near-Jtghted and Long-Jighted Eye* 

The Eye, like other parts of the human body, 
from any continued uniform adlion, acquires 
permanently that. ftate as to be with difficulty 
changed; thus failors, countrymen, travellers, 
&c. from looking at remote objedts, become 
long-fighted, and with difficulty can accommo- 
date the Eye to near fituated objedls : fo on the 
contrary, fludents, watch-makers, &c. become 
near-fighted. The former is more generally the 
refult'of age, arifirtg from the general reduction 
of the whole fyftem, the Eye participating of it, 
no longer prefer ved in its full orbicular form, no 
longer the ufual animating convexity, finking 
within the orbit, the ppwers of convergency are 
thus diminilhed, a glafs of a proper degree of 
convexity muft be adopted. 

So the near-fighted is more frequently conge- 
nite, to remedy which a concave glafs muft be 
ufcd. 
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Theory of Spe^aclcs.* 

Strabism or fquinting is of two kinds; one 
fpccies of it curable. 

Impreflions on the Retina remains a certain 
time; obfervations of Newton and Bifhop of 
LlandafF. 

Inflexion of Light. 

Why Stars fcintillate. 

The circulation of blood in the Eye rendered 
\ifible. 

Ocular Specflra, an examination of De la Hire 
and Dr. Robert Waring Darwin's opinions. 

An enquiry into the Angular terreftrial refrac- 
tions, termed by failors Looming, the obferva- 
tions of Ellicott and Coxe. 

The advantages of two Eyes ; objeAs not only 
appear a little brighter, cannot be lolt to both 
Eyes at once ; for when the image of an object 
falls upon the Optic Nerve of one Eye, it will 
fell at fome diftance from it in the other; alfo the 
field of vifion is confiderably increafcd. 

* The Rev, Mr. Stark, in the Irifh M«moirs, thinks dc- 
fe6tive fight may in fome refpe^b be owing to the want of 
that gradation in the denfities of the parts of the Cryflalline ; 
he recommends a concavo-convex glafs, whofc greater curva- 
ture is on the convex fide. 

K J The 
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The cffeds of motion ; a fmall objecH: in mo^ 
tion is eafier difcertied than if at r«ft. A Star ia 
fooner perceived by agitating ' a little the tele«. 
fcopc. 

The luminous appearance of the Eyes of anU 
iTials with dilated Pupils, as cats, owls, &c. is 
owing to the Pigmentum not being black ; the 
rays arc- reflected fronfi the concave furfacc, and 
unite in a point on the pofterior part of the Cryf-* 
talline Leas ; thus being placed nearer to the 
Lens than its tocal diliance, the rays continue 
diverged and difFufed, and thus illuminates the 
Lens. 

White animals have no pigmentum^ the red-r 
nefs which is feen is from the choroid veiTels 
turged with blood ; when the animal dies the 
redncfs difappeari^ from the choroid veffels qoU 
Jgpfiqg, 
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• MICROSCOPES. 

By thefe inftruments we are enabled to cxa- 

I 

mine the minute and wonderful works of the ere- 
ation, to unfold the admirable ftrufture of ani- 
mals and vegetables^ and difplay the exquifite 
texture of their conftitucnt parts. 

The ancients were acquainted with the burning 
power of glafles ; the furgcons with glafs fpheres 
ufcd to cauterife wounds^ and vcftal virgins thus 
kindled their facred fire. 

The fpecuia of Julius Ca^far and of Ptolemy^ 
were only watch-towers. 

Friar Bacon and Alhazen feem to have been 
acquainted with the magnifying powers of glafles ; 
he mentions how he could make a boy appear 
like a giant^ and a man a mountain^ and the ce« 
leftial luminaries to defcend in any dired:ion. 

Although the magnifying power of a fingic 
Lens might be known to Bacon, the application 
of a fmall Lens to the examination of bodies 
took place in the i6th century. Fontana lays 
claim to it in 161 8, fome fay Zachary Janfcn and 
others Drebclius, who firft made compound 
Microlcopcs* 

K 4 Thus 




( r32 ) 

Thus a limplc Microfcope confifts of a fingle 
fmall convex Lens, interpofed between the Eyo 
and the obje<5l. The magnitudes of objects are 
regulated by the diftance they are from the Eye ; * 
if an objefl: is placed at one inch from the Eye, 
the appearance^ is confufed and indiftinft, the 
rays are too diverging to be converged by the 
Eye; if a convex Lens, whofe focal diftance is 
one inch, the rays after being refraiStcd will en-, 
ter the Eye parallel ; if eight inches be the near- 
eft point of perfed vifion, by means of theglaf^ 
it will be feen eight times nearer^ and confe-^ 
quently enlarged eight tirnes every way. If ^^of ' 
?in inch, the objed will be i6o times nearer, ahd 
cbnfequently its furface 25,600 times greater. 
: Thefe Lewenhoek made ufe of. Mr. Gray in- 
yented a little glafs fphere, filled with water ; he 
jilfo perforated a piece of lead with a pin, and 
placing a drop of water on it, he could fee any 
•nijnalcule which might be iq. 

Compound Micro/copes. 

When there is more than one L(?hs Js thus 
termed. 

Jn this cafe the image of the objed is viewed, 
and not the objed. The objed is placed farther 
from tbe.Lens than the focal diftance, fo that af- 
ter 
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ter refraction the rays converge, aud where they 
unite, the image of the objcd: is formed ; this 
image is viewed through a convex Lens, fo placed 
that its focus (hall be the place of theimage« 

This combination increafes the field of view i 
ftill further to increafe this, a fecond and a 
broader cye-glafs is placed between the two o- 
(hers, which converges the rays from the objedl-* 
glafs much fooner. 

When thcfe were firft ufed, they were held ia 
the hand, the objedl illuminated by the window j 
Culpepper added the refledon For viewing o-» 
paque objects, we are indebted to Mr. Licber- 
kulcn, by means of a fmall concave refleding mir^ 
ror, perforated in the centre, in which the Qbje<^ 
ixM 13 placed. 

Solar Micro/cope^ 

Is a Wilfdn's Microfcope, the objeft ftrongly 
illuminated by the Sun, the rays concentrated by 
^ convex Lens, invented by Mr. Lieberkulen; 
jEpinus added the mirror. The objed thus be- 
ting ftrongly illuminated, will bear with diftind^ 
neft a confiderable piagnifying power, which 
will be as the. focal diftance of the glafs to the 
diftancc of the Screen, 

TELE- 
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TELESCOPES. 

The invention of thefc ufcful inftruments wag 
cafual, to whom it Ihould be afcribed authors dif, 
fer, fome give it to Metius, a Dutchman, about 
1609; others to Lippcnflicim, of Zeland, a fpec, 
tacle maker, from caflially holding two convex 
fpedacic glafles in a certain polition ; Borellus 
gives it to Zacharias Janfcn. Fifteen years bc^ 
fore any of thefe, Baptifta Porta gave fome 
(ketches. 

The firft were about one foot and a half, Ga^ 
lilaeo from the confufed report made one, as be* 
ing the firft who philofophically employed it, by 
many ha$ been deemed the difcoverer; the firft 
he had, magnified only three times, the next 
eighteen, afterwards one thirty-three, with which 
he discovered the Satellites of Jupiter, and the 
fpots on the Sun's furface: the Telefcopc hcufcd 
>vas a convex glafs and a concave one* 

The principles of a Tclefcope and Microfcopc 
are the fame ; as Telefcopes are intended to view 
remote objeds from whence rays proceed parallel, 
an objedt glafs of a fmail degree of convexity is 
fufticient. 

Father Scheiner firft made ufe of two convex 
glafles, from an hint of Kepler's ; in this terrefw 

trial 
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trial objedls arc neceflarily inverted, will appear 
diftinft, and with a confiderable field of view. 
The magnifying power will be in the ratio of the 
focal length of the objedl-glafs to the focal length 
of the eyC'-glafs, the fame whether the eye-glafs 
be concave oi* convex. 

Rays proceeding from the ey^-glafs to the Eye 
are nearly parallel, a diredtion proper for to be, 
converged on the retina in the natural Eye ; to 
the near-fighted perfon the eye-glafs muft be put 
in nearer the objedl^glafs, in order to render the ' 
rays after their emergence a little diverging. 

When a number ot cye-glaflcs are ufed, the 
field of view is increafcd, although the nunnber 
of rcfraAions are greater, yet the fum of the aber« 
rations arifing from the figure is lefs. 

Alihough each Lens has its image, either reai 
or imaginary, yec in general there are only two 
real one*?, itie firft inverted, the fecond upright. 
When the number of real images is even, the ob- 
\tdi will be feen upright ; when that number is 
cdd, the objcft is inverted. 

All that iseflential, is that the rays of the fame 
pencil which enter parallel, fhould emerge pa^ 
rallel ; the intervals and focal lengths of all the 
Lenfes, except one, may be aflumed at pleafure, 
from wlience ths^t one mull foe determined* 
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ImperfeElions of Glajfes. 

The principal imperfeftions are two, one art* 
iing from the figure of the glafi, the other from 
the different refrangibllity of the different co« 
lours* 

Aberration arifing from Figure. 

• ^ 

When a convex glafs is formed of curves which 
are portions or fegments of a fphere, the rays of 
Light which fall near the edges of the Lens are 
fooner converged than thofe rays which fall nearer 
the Axis; hence between thefe extremes there 
will be a number of images. 

The larger chc fegments the greater their difFu- 
£on. On this account fome opticians limit the 
arch to twenty degrees of its refpcdive circumfe- 
rence. For the objedl-glafs of a Tclefcope this 
is too great, although the difperfion of the rays 
might be very fmall, the magnifying power muU 
tiplies it as often as the objedt itfelf. 

This aberration is but inconsiderable to that 
which arifes from the different refrangibility of 
the prifmatic portions. 

Philofophers, previous to the time of Newton, 
attributed this to the figure of the Lens. When 

Pes 
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l)efi Qrtcs fhewcd that glafles figured according 
to the furface defcribed by conic fedions turned 
about their axis, would not have that effedl:,* then 
mathematicians turned their attention to grind 
glafles of fuch forms, and among the reft Newtoh 
himfelf, till his difcoyeries in 166 8, 

If a red objedl is placed at a diftance from a 
convex Lens, the image will be farther from the 
Lens than if the colour of the image had been 
violet ; the diftance between thefe two images 
would be the meafure of the aberration ; if the 
obje(5l is of an heterogeneous colour, this fpace 
will be filled by images of the intermediate co- 
lours. 

This difperfion is about the -rV P^^^ of the fo- 
cal diftanee, a Lens of feven feet focal diftance, 
the difperfion would be about three inches. 

The error arifing from this difperfion^ is to 
that from the aberration of the figure as 5449 to 
1. The diameter of the circle in the middle 

• Des Cartes, in .his Dioptrics, demon ftrated that if the 
foci of two oppofite hyperbola, whofc axes were in the ratio 
of the fines of incidence to refra£tion, if one of thefe hyper- 
.bolas be turned about its axis, and a portion of the. folid fo 
generated be cut off by a plane perpendicular to the axis, 
then all the rays which fall perpendicular upon this plane 
will be refra£ledby the conveii^ity on the oppofite fide to one 

and the fame point. 

» 

fpace 
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3^ace between thefetwo foci is. about the? 5 |th 
part of the diameter of the aperture of the glafs j 
and were it not that the orange^ yellow and green 
occupieid the central part, and being the moft vi«» 
vid^ objeds would not appear in the lead: dif' 
tindl* Hence the greater the focal diftance of the 
objetft-glafs is^ the lefs mull be the proportion 
which the focal diftance oi. theeye-glafs n>ay bear 
to that of the objedl^^lafs ; as the degree of.eon^ 
fufedneCj is as the breadth of the objecl^-glafs^ fb 
the magnifying power of the eye-glafs muft be in 
that degree. \ 

Thus an objed-^lafs of four feet focus will ad^* 
mit of an eye-glafs of one inch, and confequently 
magnify, forty-eight times. An object-glals of 
forty feet focus will only admit of an eye-glafs of 
four inches focus, and only magnifies 120 times ; 
and one of 1 00 feet will only bear one of 6 inches^ 
arid this only magnifies 200 times.* 

On this account Newton defpaired of improv- 
ing refrading Telefcopes, and henqe turned his 
attention to reileding Tclefcopcs. 

* If the aperture of an objeft-glafs be not as the fquare rocft 
ofthepoWer of magnifying, the image wiUwant Light ; the 
fquare root of the power of magnifying will be as the fquare 
.root of ihe focal diftance of the objeft-glafs, and therefore 
the focal diftance of the eye-glafs muft be only as the fquare 
root of that of the objeft-glafs, 

Euler 
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Euler tried by making the objc£UgIa'fs of tw«* 
materials ta correA this rfefradion ; the difcovery: 
M/a& rcfervcd for Mr. DoUond in 1757,. whodc- 
roonftrated that the difpcrJBvc powers in different 
glafles were not the fannie ; thus flint glafs difperfes 
more than crown glafs. Mr. Zeiher of Peter f- 
burg attributes this to the minium it is combined 
with ; he proceeded in the manner already lhewn« 
in the analyfis of convex Lens» 

RefieEling Tele/copes. 

MttRSfiNNus firft fuggeftcd them to Des Cartes^ 
ivho treated the idea as ridiculous. Mr. Grego-r 
ry, of Aberdeen, has been deemed the inventor, 
this he propofcd in 1663, ^^^z. a concave fpecu- 
lum, receding the rays from an objed towards 
a fmall fpeculum^ and this returning the image 
to an Eye placed behind the great fpeculum ; 
Newton was a workman, five years after he began 
one, and in 1672 completed two fmall refledors. 
The Academy of Sciences endeavoured to depre- 
ciate Newton by a difguifed Gregorian Telefcope, 
under the name of Caflegrian, with this differ- 
cnce, the fmall fpeculum was convex. 

Thofe Newton made were only fix inches long, 
yet magnified equal to a fix feet refrador ; the 
difficulty of poliihing made near forty years 

elapfc 



ckp£e before another w^s made; Thas Mr. Hid-* 
ley made one five feet long^ after the Gregorian 
' manner^ and now from the irtiprovement of Mr^ 
Short and Mudge^ a good polilh alfo the proper 
parabolic figure are now given* 

The powers of magnifying are as the focal dif* 
tance of the large concave fpeculum exceeds that 
of theeye-glafs. 

Newton*s reflcdor was inclined to an angle of 
45 degrees to the axis of the larger, in this not fo 
great a quantity of Light is loft ; on this account 
Dr. Herfchel has adopted it. 

Binocular Telefcopes* Dr. Blair's Telefcopes* 
Opera Glafs. Magic Lanthorn. Camera Ob'^ 
fcura* Hadley's Quadrant^ &c. 
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PNEUMATICS. 

The fcience of Pneumatics^ in the original de- 
rivation of the word, implies an inveftigation 
into a fomething of a fpiritual nature : in this 
point of view the aiK:ients confidered that vaft 
aerial vplume that Turrounds us, thty fuppofed it 
a principle divefted of the common properties of 
matter. Ariftotle feems to have been the firft 
who afcribed Gravity to Air, the demonftration 
of which was referved for Galilaeo> Torricellius, 
and IVJerfennus. 

All the philofophers, till within this century, 
imagined that there were only one kind of aerial 
fluid, and that its various dates depended on the 
admixture of extraneous fubftanccs : thus Van 
Helmont was acquainted with the inflammable 
qualities of fome Vapours, and knew that others 
extinguiflied flame and fuflfocated animals ; he 
had no idea that thefe fubfl:ances were capable of 
being fepararely exhibited in the form of a per- 
manently elaftic Vapour not condenfible by 
Cold. 

Boyle obferved that the elafl:ic fluid extricated 
from ripe fruits, fermenting and cffervefcing li- 
quors, extinguifhed Flame, &c* 

L The 
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Th€f fagacity of Newton had obfervcd tfiafC 
there were a fomcthing in common Air neceffar/ 
to Life, and which he called the fpiritual parr^ 
and conjeiflured that Comets might occafionally 
renew what was deftroycd by rcfpi ration. Dr. 
Hales firft coUcAcd Air under receivers ; he 
found that mineral waters owed their fpirit and 
brifknefs to the Air united with them; he 
thought it was the fame as atmofpheric Air ; he 
could not imagine that what ftiould be the fource 
of brifkncfs in mineral waters, could be the fame 
Mn Boyle had found deftru£live to animals* 
Thefe were more partkuiarJy unfolded by Dr« 
Browning. 

Dr. Black firft pointed out the cfFedrs arifing 
from depriving bcxli^ of Air united with then^^ 
ufually called fixed Air, and how their caufticity 
was deftroyed by adding it to them. Since then 
Pricfllcy, Cavendifh, Scheelc and Lavoifier have 
clearly dcmonftrated the cxift/encc of many dit» 
tind and eminently elaftic fluids. 

Vital Air 9 

Termed by Prieftley, dcphlogiflicated Air ; by 
Lavoifier, oxygenous Gas, from its being the 
Bafis of all Acids. The Air we breathe is form- 
ed of a 8 parts of this Gas, with 72 parts of im- 
pure 
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^ure Air, \vhich being deftrudive to Life, is 
called azotic Gas, 

When a Light is placed under a receiver, it 
will keep burning as long as there is any portion 
of pure Air; fo metals, when calcined, are no- 
thing more than an union with this Air, hence 
are faid to be oxydated ; they then lofe their me- 
tallic fplendor, their malleability, from being 
rendered foluble> become pdifonous; in confe- 
quence of thi^ union they have a proportional in- 
creafe of weijght. Light will difengagc this Air 
from many Xcids, and from Vegetables. This 
laft Mr. Cavendifh attributes to the decompofi* 
tion of Water. 

Vital Air is heavier than Atmofpheric Air; 
a cubic foot of Atmofpheric Air weighs 720 
grains, of Vital Air 765* 

The refpiration of this Air i$ fuppofed by Dr. 
Crawford to be the fource of animal heat; when 
Air has been refpired, it beconics changed, being 
converted into fixed Air, and it$ capacity for 
Heat being then fo much lefs, what was evolved 
in the change has been deemed a fufficient 
fource* 

The theory of Dr* Crawford, refpeding the ca- 
pacities of bodies for Heat, Ihewn in many ref- 
pe<fts to be imperfed. 

L 2 The 



.1 



-»». 



( H4 ) * 

The medicinal properties of this Gas confi- 
dered, Scheele, Chaptal, Cailliens, and Dr. 
Beddocs' opinions. 

. , Azotic Gas 

4 

Lighter than oxygene Gas. 
• Acubicalinch weighs 0.4444 of a grain : this 
Gas is the bafis of Nitrous Acid, hence by Dr. 
Pearfon has been termed Nitrigen Gas : if to aol- 
parts of azot. 43-! parts of oxygen be added, 64 
|)arts of nitrous Gas are forrhed ; if to this we 
join 36 parts of oxygen, 100 parts of nitric 
Acid refult from the combination; and when 
thislaft acid is united with Potafli^ Nitre or Salt 
Petre is formed. 

Nitrous Air 

Was firft difcovered by Dr. Hales, who in 
examining the Air that was difengaged from the 
Walton Pyrites, by means of Spirit of Nitre, ob- 
ferved that when joined to common Air, an ab- 
forption of part of the common Air enfued. Dr. 
Trieftley extended thefe experiments, procuring 
the fame Air from Aq. Fortis poured on any of* 
the metals, as iron, copper, brafs,- filver, &c.\ 
he found it produced no diminution in any 

part 
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part of the Airs but pure Air: he hence ufed ic 
as a teft for the purity of Air ; the graduated in-^ 
ftrument he ufed, he called an Eudiometer. 

Nitrous Air being the fame as nitric Acid, de- 
prived of a portion of its oxygen, hence when 
the acid is poured on metals, thcfe are calcined 
by the oxygen of the Acid, the remaining por-' 
tion of the Acid becomes aeriform. 



Carbonic Acid Gas 

Has been the longeft known ; Van Helmont 
called it Gas Sylveftris, becaufe produced iii 
vaft quantities during the combuftion of charcoal : 
it was formerly called fixed Air. It exifts ready* 
formed in chalk, marble^ and all the calcareous 
ftones neutralized by Ume. From thefe it is ea- 
fily difengaged by fulphuric Acid : this Gas is 
the heavieft of all, a cubic foot weighing 807.34 
grains* It is a compound refulting from an 
union of Carbon and oxygen Gas ; when charcoal 
and metallic oxyds are combined in proper pro- 
portions^ the oxygen of the oxyd combines with 
the carbon forming this Gas, and the metal re- 
covers its reguline ftate; this has been elegantly 
analyfed by Mr. Smithfon Tennant, by mixing 
together fome powdered marble (lightly calcined* 
jand fome phofphorous, in a glafs tube well clofed 

L 3 and 
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and luted^ and then kept in a red heat for a few 
minutes when cool, a black powder is formed, 
which coniills of charcoal and phofphat of lime; 

This Gas unites with about its own bulk of 
Water, and acidulates it ; this is the caufe of 
brilknefs in Pyrmont Waters ; it arifes in abun- 
dance from fermenting liquors. Air after it is 
refpired is converted into this Gas ; it is often 
found in mines and fubterrancous places called 
choke damp. It was thought this was the Air 
in the celebrated Grotto del Cano : Spallanzani 
proves it to be azotic Gas. ~ 

It has the property of retarding putrefa(5lion n 
whether this arifes from the carbon might be s^ 
fubje(Jl of enquiry ? 

Hydrogem Gas^ 

This Gas was ufually known by the name of 
inflammable Air; it is evolved from all putrid 
animal and vegetable matters ; fince the decom-» 
pofition of Water has been afcertained^ this fluid 
bcin^ found its principal fource, hence has ac-* 

quired the nameof Hydrogene. It is the lighted 

« 

of all the Gafes, ^ cubic foot only weighing 41 
grains: one hundred grains of water is found ta 
be compofed of 85 grains of oxygen Gas, and 15 
grains of hydrogene Gas, 

^ It 
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It is found In mines, and ofreh produces the 
nwft. d'Peadftil efFe(fts -, is called wild-firc. By 
being fo fpecificaUy light is the reafon why bal- 
loons are fo buoyed up, 

Thi« Gas it eafily procured by diflblving iron 
or ziac in diluted vitriolic Acid ; the Water is 
decompofed with rapidity : this Gas united with 
azot forms the volatile Alkali ; tbefe conftitute 
the ammoniacal fmcll obfervable in putrefccnc^ 
fubdances. 

When medicinally ufed, by being mixed wit|i 
about twelve times its bulk of c<Mnmon Air^ al- 
leviates irritations of the lungs. 

With this Air Dillier exhibited his beautiful 
fire-works, varying its colours by different ad- 
pnixtures: thus inflammable Air of pit-coal^ mix- 
ed with 4 of the Air of the lungs, makes. a blue 
fismt with nitrous Air, green, &c. 

Fluoric Acid, 

Marqraff difcovered this Acid ready form- 
ed by nature in the fluoric fp^rs, combined 
with calcareous earth, fo as to form gn infoluble 
neutral fait : it is difengaged by the fulphureous 
Acid, as it difl<)lves glafs and filiceoiis fiibftanccs, 
ITietallic veflcis muTl be employed. From this 
fircumftance it is that beautiful etchings may bg. 

L 4 made 
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made on glafs, as on copper, with the nitrous A- 
cid ; if we caufe the fluoric Acid to pafs over in- 
to a recipient of water, it is condenfed and ab- 
forbed by the Water. 

By an attention to thefe elementary principles, 
the various changes which take place in animal 
and vegetable fubftances are ealily explained : 
thus when an animal is deprived of Life, deprived 
of that active principle which preferved thefe 
elements in their proper balance, the equilibrium 
is broke, the whole fubftance becomes perfeftly 
analyfcd, and nothing but a mould left behu;id ^ 
the hydrogenc, one of the component parts ot the 
circulating fluids, uniting with the azotic prin- 
ciple of the diflblvcd animal fibre, from acquiring 
fu(Jicient caloric, to aflume a gafeous form, con- 
ilitute the ammoniacal fmell ; the oxgen and car-- 
bon efcape in the form of carbonic Acid, theft 
four being the elementary par^s of an aniipalt 

. Prejfure and Elqfticity of the Air. 

The Atmofphcre, principally formed of aeriaj 
particles, of Caloric, of Elcdricity and of Mag-rr 
netifm, being univcrfally full, on this general pie-, 
num the phaeqomena of preffure and of elafticitjr 

depend. 
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If a pneumatic receiver could be formed of fuch 
materials that neither Air, Fire, Eledricity dr 
Magnet ifm could permeate, then the procefs of 
exhaufting the Air would be imprafticable. 

As we know of no body but what fome of thefe 
fubftances will permeate, the phaenomena which 
are produced by exhauftion arife only from a , 
change of place. 

As Air cannot permeate a glafs receiver, this 
claftic fluid m^y be drawn out ; every exhauftioii 
of the Air from within when thrown into the ge- 
neral atmofpheric pnafs, muft neceflTarily occupy 
a certain fpace ; as there is a plenum without, 
unlefs it can force by its preffure an adequate 
bulk of Fire into the receiver, the refiftance to 
the exhauftion would exceed every poffible effort. 
Every pjart of the receiver being permeable to 
Fire, an equal bulk of this principle immediatefy 
enters in. 

The receiver is 93 full after the Air is with- 
drawn as before,* of s^nother principle. 

A thermometer placed under a receiver from 
this circumftance finks in proportion to the ex- 
hauftion. A$ the receiver is furrounded by a 
fluid which cannot enter in, will be a(^ed upon 
in proportion to its extent of furface ; the re- 
adion will be cxadly equal to the force employed 
in the aerial exhauftion. 

This 
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This prcffure in an cxhauftcd receiver i& as fif, 
teen pounds on every fquare inch. 

The caloric within fide the receiver is no yvstys 
a counterading preflure to the Air without; like 
.water diflfufed in the vafcular ramifications of 
fponge, on the flighteft preflUrc pafles through 
f he receiver in every diredion. 

The Atriiofphere, formed by ^ combination of 
thcfe dijferent principles, ads as other fluids with 
refpedl to preflure, in proportion to the perpen^ 
dicular height. 

As that portion of the Atmofphere which is 

contiguous to the !|£arth is prelTed upon by that 

•^ibove, it will be in a comparative flat(p of conden^ 

fation ; ^thus the denlity will dirainiih in the in^ 

yerfc ratio of the cojumni^r height. 

What thi5 ratio is, will be napre particularly 
APtlce^ when on ^arpmeters, 

. ^la/Hcity of the Air^ 

Ejl^a&ticity of the Air is not to be coniidered 
9s any power peculiar to this fluid, or any kind of 
ijpring in its conftitucnt particles, nor any ways 
different from that which is poiTefTed by other 
fluids. 

If at the bottom of a column of Mercury I 
place fo(ne j^ther, the Jail rapidly rifes up ; its 

fpecific 
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fpecific gravity, fo much inferior to that of Mer* 
cury, yields to the preflurc all around, and rifcs 
up with a velocity in the ratio of the difference of 
their dcnfities. 

So Air, if in a different ftate of denfity than the 
Atriiofphere, in the procefs of equalisation, c^ 
vinces that power called by the term Elafticity* 

A fmall quantity of Air included in a bladder 
cannot occupy a larger fpacc ^yhen furrounded by 
the Atmofphere. When the denfity of the fur- 
rounding Atmofphere is any ways diminifliedj^ 
then the ingrefs of caloric into the Air in the 
bladder, takes place with that in the receiver, 
and thus becomes diftended. 

As Air of equal denfities undergo thefe changes 
equally, any portion of Air, however fmall, will 
be equal to the atmofpheric preffure ; it is pre-i 
cifely in that ftate in which it would be if uncon* 
fined. 

Thus' Air preffing on a bladder tied over a re^ 
ceiver, or on the outer furfacc of a fquare bottle, 
produces no effeftj, becaufe the Air within is an 
cxadl counterpoife to the Air without ; abftradb 
this internal Air, and the preflurc of thf outer 
Air will b^ foon evinced, 

* 

So if the outer Air be removed, the internal 
Air receiving additional caloric, will evince fimi-» 
|ar power. The Ela^icity of Air is then equal to 
the preffure, 
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Condenfation. 

All bodies, of whatfoever kind, can undergo 
no change with refpeft to their bulk, without 
the medium of fome other principle, as Caloric, 
Eledlricity, &c. 

If one hundred cubic inches of Air be reduced 
to, a fpace of fifty inches, fifty cubic inches of 
Caloric, Eledricity, &c. are dif(?ngaged. 

When Air is condenfed in a brafs ball, through 
the medium of a flrong glafs tube, and a pair of 
fenfible pith.balls fufpended on the brafs, in'the 
firft procefs of condenfation thefe diverge with 
pofitive Electricity, 

The different gafes give out different quanti- 
tiesir As the condenfation continues, caloric is 
given out, the ball becomes confiderably heated. 
Thefe circumftances demonftrate, that in thus 
forcing the conftitucnt particles of Air into a 
ftatc of greater approximation, the caloric and 
Eledlricity which are diffeminated in the inter- 
llices of thefe particles are forced out, and eafily 
pafs through the fubftance of the brafs. 

When this condenfed Air is fet at liberty in re- 
fuming its original ftatc, EJedricity and Fire are 
l^pidly abforbed ; pith balls diverge with nega^ 
five EIe<flricity, and a confiderable degree of 
coldnefs is induced in all contiguous bodies^. 

In 
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Iri the fountain of Hiero, conftruded on a 
large fcale at the Chemnicenfian Mines in Hun. 
gary, the Air in a large veffel compreffed by a 
column of water 260 feet high; a flop cock is 
then opened, the Air iffues out with great vehe- 
mence, becomes greatly expanded ; fo much cold 
is produced, that the moifturc from the ftream of 
Air is precipitated in the form of fnow, and ice 
is found adhering to the nofel of the cock. 

In damp weather a' cotnmon . glafs globe will 
bear the condenfation of three Atmofpheres 5 
when thus left on the return of a fine day gene- 
rally breaks, not being able to bear the addition- 
al quantity of Caloric and Eledricity which the 
Atmofphere has acquired. 

Air -Pump. 

Otto Guericke, mayor of Magdebourg, firft 
exhaufted a receiver, placing it on water, and 
pumping the Air out. Mr. Boyle was the firft 
who exhaufted it by means of a pifton moving 
in a barrel and a valve ; there being only one bar- 
rel, the preflure of the Atmofphere was very 
great. Papin and Dr. Haukft)ee removed , this 
difficulty by adding another, fo that the prefture$ 
countera^H: each othen 

Mr- 
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Mr. Vream changed the a^Iternate up and ddwit 
teotion into a circular one. 

In thefc the valve covering one large hole^ and 
the pifton not accurately covering the bottom^ 
prevented any great eihauftion> To remedy thisj 
Mr. Smeeton^ in 1752 made fcven fmall holes, in-* 
ftead of one large pne^ that the vaive might be 
eaiier raifed up, and caufed the piHon to gO 
down to the bottom^ 

Even in this the Air when rarefied to a certain 
extent^ is ihcapable of railing the valve; on^ 
of this conftrudion rarely exhaufts more than 3 
or 400 timeSk Mr. Haas, by a pedal contrivance 
to raife up the valve, was capable of exhauding 
1000 times. 

The moft perfedl form is the Air-putnp of Mr* 
Cuthbertfon, where infteadofa Valve he has a 
brafs cone with fifty or fixty leathers. Aiding into 
a hollow cone I in this, exhauflion has been car-^ 
ried to 2409 times^ 

To efiimate the number of ftrokes requifite 

for any exhauftion, the capacities of the piiton 

and receiver being known, the calculation is 

very cafy.* 

BARO- 

* If the capacity of the bari'el of an Air-pump is to thd 
capacity of the receiver as a is to h^ afteir every turn the 
quantity of Air extrafted is to the c[uantity before as a is to 

« + *. 
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BAROMETER. 



SokE time after Torricellius had afcertaiMdi 
that a column of Mercury thirty inches high was it 
cpunterpoife to the preffure of the Atmofphcre^ 
it was afcertaincd by Defcartes, Pafcal and *Mer- 
fennus^ that the Atmofphere varied in its pref- 
fure. 

It was found that the column of Mercury was 
never lefs than twenty-eight inches, nor higher 
than thirty-one inches, marking its rift or fall 
according to certain atmofpheric changes, and 
hence adopted as a weathcr-glafs. 

This variation of three inches appearing too 
fmall for minate divifion, Defcartes fuggefted a 
method which was executed by Huygens with 
two tubes, Mercury at the top, and Water at the 
bottom; as Water is fo fenfibly affedled by tem- 
pera!ture, this form was imperfcft. 

Cor. I. Hence the quantities taken away at any number 
of fuccellive turns form a geometric fetic^^ confequentiy (h^ 
whole can never be exhaufled. 

In comlenfation the fame feries dees not take place ; after 
any number of fucceflive defcents, the dcnfity is increafed in 
arithmetic progrefiion* ' 

Caffini 
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.Calfini invented an horizontal Barometef ^ irt 
this Mercury is very apt to be fpilt. 

1668, Dr. Hooke. contrived a wheel Barome-* 
merer; as the Pulley is moved by a firing which 
is influenced by moifture, this is no ways cor- 
rect. 

The Torricellian will evinCc an alteration ^vhen 
Dr» Hooke is no ways changed, and wti'en a Ver*- 
niers fcale is made ufe of, each inch becomes di*. 
vided into lOO parts. The fcale of variation be* 
ing three inches, and each inch divided into tea 
parts, on this fcale is fixed a moveable one of 
one inch long^^ and which inch is divided into 
nine parts; fo. that each divifion of the moveable 
fcale is one tenth of an inch more than the divi* 
fion of the other. 

Cattfe of Variation. 

Varennius fuppofed exhalations differing in 
denfities. Dr. Halley attributed it to the varia- 
ble winds. Leibnitz to water in flatc of rain, not 
weighing with the Atmofphere. De Luc attri- 
buted it to vapours. Dr. J. Hutton to fudden 
changes of heat and cold. Dr. Darwin to fomc 
decompofition of the Air. Dr. Bell to Eledri- 
city 5 which lafl feem the mofl probable, as the 
Mercury in the Barometer is higher in the morn- 
ing 
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ing and evening than in the middle of the day. So 
Voka and Reid have'obferved the Atmofpherc h 
at thefe times more eleftritaK 

The variation in the rife of Mercury is the gijcat- 
eft in thofe latitudes where the greacefl changes in 
the ftate of Eledlricity are alfo. 

At St. Helena there is little or no variation ; at 
Jamaiqa rarely more than xV of an inch, at Naples 
one iQch> England 2 inches and a half, and Pc--> 
terfburg 3 inches and one-third, ' 
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Height of the Atmofpherc. 

If Air were of the fame denfity at all altitudes^ 
it would be eafy^to calculate the height, as Air is 
1 1 900 times heavier than Quicklilver, and ^9 
inches and a half of Quicklilver being at a mean a 
balance to the Air ; from this the height of the Air 
wpuld be about 5 miles and a half high. Air di^ 
miniftics ih its denfity in the inverfe ratio of tKc 
altitudes. ^ 

In 1648 Pafcal found the Mercury funk 3 inches 
and one-third upon the Puy de Pomme bping 3204 
feet high. Mr. Gafwell found it fink 3 inches and 
n on Snowdon-hill, being 3720 feet high.* 

SOUND 

* Sqpppjling the denfity i$ as the comprcffing force, its 
dvzniity 9X s^ny height is eaiily determinable on the principle 

M >of 



• t 



( 158 ) 



\ 



SOUND. 

Galil-«:o, in endeavouring to afcertain the vc- 
locity of Light, difcovcred that of Sound to be 
near 1 100 feet in a fecond of time ; this was more 
accurately afcertained by Dr. Halley, Newton, and 
Dr. Derham, to be -i 1 42 feet in a ftcond : this 
motion they obferved to be uniform^ whether 

oF the logarithmic curve. The denfuies of the Air wUl bo 
denoted by the refpcftive ordinatcs drawn perpendicular to 
the Afymptot ; if any portion of the Afymptot be a given 
quantity, there is the ratio of the two ordinates, which in- 
tercept that portion, likewifc given. 

If the portions of the Afymptot arie in arithmetic propor- 
tion, then the refpefiive ordinates are in geometric propor-i 
tion. Upon this theory it appears that at Hve miles high, the 
Air is nearly 2.4 times rarer; at ten miles high, fix times ra- 
rer; at fifty miles high, 6449 times rarer. 

It has been obferved by aftronomers, by.thc duration of 
twilight, and the magnitude of the terreftrial (hadow in lu- 
nar eclipfcs, that the cffeft of the Atmofphere to rcflcft or 
intercept Light, extends to 50 miles. 

Some Meteors have been obferved very high ; one in ;i75i 
afcertained to be 100 miles high, about a mile and a half in 
circumference, and exploded with a found like diftant thuni- 
der. Either to communicate found, or for combuflion, Air 
is rcquifite ; at. this height would be infinitely too rare, if 
the above calculation fliould be corrcft, 

againft 
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againfl: the wind or not. G}ndaminc^ at Cayenne, 
found it to move 1175 feet. 

Lord Bacon fuppofed Sound to be owing to fome 
other principle than Air, as the Sound of a i^rge 
bell did not in the leaft agitate a flame placed near 
it. If a bell be agitated in an exhausted receiver, 
no Sound is induced, . 

Sound is the adion and re-adion of the conftitu- 
cnt particles of Air, without any material change 
of place ; while wind is a change of place in a 
lar^e volume of Air, 

A Ihip when in motion does not interrupt any 
motions within, in whatever directions they are 
made, fb the adion and re-adion of the conftitu- 
cnt particles of Air are no ways checked by any 
motion of the mafs of Air where thefe motions are 
taking place. 

The fame as is produced in the curdly appear- 
ance of water in a drinking-glafs, when rubbing 
the edge with the finger. 

When the a(5lion and re-adion are propagated 
through that moving mafs, they neceflarily are 
checked in communicating to any mafs of Air from 
which they are receding ; on this account the in- 
tenfity of Sound becomes diminifhed. So on the 
contrary, in the diredlion of the wind. Sounds are 
heard more diflant. 

M a • When 
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When a body is ftruck, it gives forth a certain 
Sound, not a fingle and folitary one, certain fe-^ 
condaryand fubordinate vibrations; if thefe bear 
no mufical proportion with the primary, a jarring 
diflbnancc rnuft be produced. 

The art of arranging f^veral founds in fucceflion, 
in a manner agreeable to the ear, is called melody, 
By^pleafing that organ by the union of feveral . 
founds heard at one and the fame time, is called 
harmony. Diflance between one found and ano-t 
ther is called ah interval,. A chord, compofed of 
Sounds whofc union or coalefisencc pleafes thq 
ear, is called a confonance. 

Thus the o(fhiv€ of a Sound is the mofl: pcrfeA 
confonance, then the fifth, afterwards the third. 

Diflbnance is a number of Sounds fimultaneoufly 
produced, whofe unioi> is difpleafing %<r the ear r 
hence in mufieal compofitions, when thefe note« t 

are made ufe of, they are announced to the ear by 
being found in a preceding chord, and by thus 
feeming ^o connedl the two chord?.* 

' ■ If . 

* Muficai jchara&crs were .ipvcnted akput ^'jq A. C. by 
Tcrpande^ j' till the ^3ih century the notes were fquare, on 
four lines, lijce iihofe pf the Roman churchy |vithout any 
Marks for time: after St. Lewis* reign a fifth line was added, 
fhe Egyptians diftipguifhed the notes by the feven vowels, 
Vpffius tcljsus that Pope Gregory firft in^de ufe of the firft 
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If we fuppofe a fh-ing divided into iooo parts, 
the different lengths of the ftring will be as follows: 
Ut C unifon, looo parts. . 



Re D 
Mi E 
Fa F 
Sol G 
La A 
Si B 
Ut C 



•^m^t^mmitm^ 



888.9 
i 800 

7 50 
666.6 

600 

533-3 

500 



osftave. 

Why the octave ftiquld be moft'.in unifon with 
the whole chord, then the fifth and third, was firft 

fevcn letters of the alphabet. Guido Arctine, a Bcncdi6Hne 
monk, in the 11th century, acquired great fame by expref- 
'fing the mufical notes bn a new fcale, in-^rder to facilitate 
the learning of this art: he is faiil to have taken the words 
from a hymn of Paalus Diaconus, on John the Baptift. 

(// quam laxis U^fonare fibris, 
Mirsi gefiorum i^^^muli tuyj^um, 
Solve poilutis Lahiis reatum. 

Sancte Johannes. 
The fyllables ufed in folihifation wereonginally thefe fix. 
The Italians finding the fyllable Ut rather difficult to pro- 
nouBce, rejefted it, and made ufc pi Do, as is' obferved ia 
the Armenia Gregoriana of Gerolamo Cantone ; this is now 
rejc£led, and the folfaing by hexachords, as revived by Pc- 
pufch, is generally ado.pted. 

In the Spund of thefe words there is an evident difference,. 
the intervals between Ut and Re and ilfi being equal, arc caU 
led tones, the others femicones. 

M 3 xtecha. 
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.mechanically explained>by Galilaeo, by comparing 
the vibrations of a mufical firing mth thofe of a 
pendulum^ ^ . • ' 

A vibrating firing is to be confidcrcd as two 
pendulums vibratiog in very fmall arcs, a pendu- 
lum is fixed to one point, a mufical firing to two. 
A mufital firing is a douWc pendulum j hence one 
half of the chord will vibrate twice, while the 
whole chord vibrates pnce.- 

In every fecond vibration of the fhorter firing, 
there will be a coincidence with the vibration of 
the longer. ^ 

Thus the more frequent the concourfe or convi- 
brations are, the greater the confonance. If the 
length of the longer firing be 3, and the fliorter 2, 
their vibrations are as two to three, and called a 
fifth. 

Thus if different pendulums of the following 
lengths, which a»c in the fame proportion as the 
fubdivifion of a monochord, be thrown into mo- 
tion, thofe which mofi frequently coincide in their 
-vibrations produce a vifual confonance, . and are 
exadly the fame as the notes.* 

The 

* Suppofmg a pendulum one yard long ; a$ the lengths of 
pendulums are as the fquares of the times, the following will 
l)e the proportionate lengths, 

C unifon 
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The agreement between the fenfations of hear- 
ing and feeing, is more beautifully illuftrated by 
the coincidence between the divifion of a mono- 
chord and the prifmatic colours.* 

Sympathetic Sounds. 

WHENoae firing IS ftrung, another that is in 
concord with it will anfwer ; if a difcord. no mo^ 
tion will be produced. 

This depends on the aerial undulations exciting 
correfponding vibrations in a fimilar difpofed 
firing. 

Hence it is rcquifite that the ftring Ihould be in 
concord with the other, in qrder that its vibrations 
fhould have their courfe and recourfe fimilar^ con« 
fonant to the aerial undulations. 

C unifon 39.1 inches. 
D — ^-. 31 
E -— — 27 

F ^ 21,9 

G 17.37 

• A 14 

B , 12.3 

C o6Uve 9.7 

* Thus B correfponds tq red, A to orange, G to yellow, 
F to green^ £ to blue, D to indi^, and C to violet. 

M 4 When 
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■ 

Whch not Co^ a recourfc of the firing will not 
correfpond with the recourfc of the aerial undula-- 
tion^ and thus a motion erf the firing cannot "^takc 
place. 

Echo. 

When Sound is refleded by a body, on which it 
infringes^ is called an Echo.*. 

Grounds furrounded by a wall, Sound returns 
to the: ear many times, fbmetimes ten or twelve. 
At Simonctto Kircher tells us of one the words 
were returned forty times. 

Not only walls, but even thick woods and rocks, 
and even cloudy. '. Some naval gentlemen have ob« 
fervcd that when they enter an harbour with a high 
circukr fhore, the guns return a fmarter Sound 
from the land, than from the fhip's fide. 

Sometimes' a- fecond Echo or a third is more 
powerful than the firfl, the fuperior numbers of 

* As the fehfe of hearing in genei^l is not capable of dif- 
tinguifhing more than 7 or dfyllables in a fecond, there muft 
be the fpace of ■ ^ ■ =s 143 feet ^between.* Thus Wood- 
ftock returns ly fyllables; hence 143 multiplied by 17, is 
3^31 feet. 

Sound is refle6ledin angles equal to the incident ones. On 
this depends the theory" of fpeaking-trumpcts : fo alfo the 
whifpcring gallery at St, Paul's. 

refliec- 
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rcfleftions more than compenfating for the decaf 
of Sound; thus the celebrated Echo at the Lake 
of Killarney, in Kerry. 

In courts of juftice, as in the Houfc of Lords, 
to prevent any difagreeable reflexion^, the walls 
are adorned with tapeftry* 

Senjc of Hearing. . 

When the Air is thrown into a tremulous un- 
dulation, the Air is a<fted upon all around ; that 
portion of Air which is contiguous to the external 
car, will be i'efle<fied by the diifferent depreilions 
there are there, and accumulated in the meatus ex- 
ternus ;- the aerial tremors ftrike upon the mem- 
brana tympani, which is provided with two muf- 
xles, cither to relax or to brace up the ear, accord- 
ing to the intcnfity of the tremors; behind this 
membrane are placed four fmall bones, which 
communicate the imprcffions to a membrane which 
coveris an opening into the labyrinth. This laby- 
rinth is filled with an aqueous fluid, to which the 
tremors are imparted; the labyri;ith or bony catia!, 
partaking of the motions, communicate the fame 
to the auditory nerve which furrounds the canal 
externally.* • 

A canal 

* Nerves of the car in fifhcs io not appear to pafs thro' 
thefe fo as to get on the infide, as is fuppofed the cafe in qua* 

- - drupcds ; 
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A canal callcc^ the euftachian tube goes from the 
back part of the membrana tympani into the 
mouth, to allow of a free ingrefs and egrefs of Air, 
the fame as the aperture on the fide of a drum, elfe 
the vibrations of the membrana tympani would be 
impeded. 

WINDS. 

A Wind is a change of place of a large volume of 
Air. 

Trade Winds. 

If the earth were ftationary, and the Sun always 
vertical to the Equator, there would only be a North 
Wind on the North fide of the Equator, and a 
South Wind on the South fide ; the Air pver^hc 
Equator being heated, becomes fpecifically lighter ; 
the heavier Air preffing on each fide, thus confti- 
tute the Winds. 

The Air partakes of the diurnal motion of the 
Earth, from Weft to Eaft> as then the Air is ap- 
proaching the Equator, it is approaching parallels 
of latitude which rnove with greater velocity, and 

drupeds ; I ihould therefore very much fufpeft that the lining 
of the tubes in the quadruped is not nerve, but a kind of in- 
ternal perioftcum. 

Hunter's Physiol. Essays. 
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hence will have an eafterly diredlion. So on the 
South fide will bea-S.E. wind;* 

Thefe Trade-winds extend to about 40 degrees 

on each fide of the Equator. . 

4 

Monfoons. 

« 

When from any peculiar fituation of land in ref- 
f e(ft to fea^ the Tropics become moft heated, thefc 
' winds are produced fo that floods of Air rufh in 
from the North-Eaft and South-Weft ; thefe being 
of different temperature, the Water is precipitated 
by their mixture. From April to Odlober is a 
South- Weft wind, from Odober to April a North- 
Eaft wind. 

Thefe Monfoons frequently occur in the Indian 
Ocean and the Bay of Bengal, and to thefe travel- 
lers attribute the rife of the Nile.f • 

Etefian 
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* Ttc Equator is not the concpurfe of thefe Winds, but 
the northern parallel of 4 degrees, becaufe the Sun is longer 
on the North fide of the Equator than on the South fide. 
Thus in the Atlantic Ocean the S. E. Trade-wind extends as 
far as 3 degrees North, and the N. E. Trade-wind ccafes at 
5 degrees North ; in this intermediate fpace are found calms 
with rain, and irregular uncertain fqualls ; thefe limits vary- 
ing in fome Tefpe6ls according to the declination of the Sun, 

+ Thefe Monfoons deluge Nubia and Abyflinia, Tlic 
whirling of the afccnding Air was fecn by Bruce in Abyfli-* 

nia; 
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Etefian Winds 

- Are Monfoons not having the cafterly and weft- 
eriy diredionsy being reftrained by chains of moun-* 
tains which confine Egypt. 

Crypta jEolices 

Spikacula or caverns where Wind is evolved. 
Schenchzcr has defcribed many. Sir William 
Hamilton mentions one in the Italian Ifle of Lac* • 
co> which ads as an ice-houfe. 

, General Winds. 

Winds in thcfe latitudes the more regular are 
the N. E. and S. W. acquiring the eafterly and 
wefterly dire<5lion from the caufe aforementioned ; 
the general winds are not reducible to any known 

cla : every morning he fays a fmall cloud began to whirl 
round, and prefently after the AvhoVs heavens became cover- 
ed with clouds. By this vortex of afcending Air, the N. E, 
and S. £. winds How in to fupply the place of the afcending 
column, became mixed more rapidly, and depofi ted their rain 
in greater abundance. Mr. Volney has'obfcryed that the 
rifing of the Nile' commences about the igthof June, and 
ihdt Abyflinia and the adjacent parts of Africa arc deluged 
wi:b rain in May, June, and July. ^ • 1 
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f: laxr, manyarifingfromlocalcircumftanccs. Thus 

the fandy deferts of Africa give a horning heat, 
whofcefFeds are felt at Minorca and Gibraltar ; 
from, the fame fource. originates that fcorching 
wind which blows at Goree, on the River Sene- 
gal J fo the deftrudlivc Wind on the Falkland 
Iflands, ^ 



, HYDROSTATICS, 

In the original derivation of the word, means 
thcr relation between the weight of water and other 
bodies. ' ' ^ 

A Fluid may be defined a body whofe conftitu- 
«it particles are fpherical, and thus eafily yield to 
any force imprefled upon them. Owiijg to this 
property moil of the principles of Hydroftatics de- 
pend. 

This is the reafon why Fluids prefs; equally in 
every diredion, laterally as well as perpendicular- 
ly ; the preflure is no ways regulated by the quan- 
tity of Water, as the perpendicular height and 
their bafis refpedively. 

Thus one pint of Water may be made tc^ prefs 
with a force equal to one hundred pints. 

If a velTd be wider at top than at bottom, the 
preflure will only be as the width of the lower end 

; t 

IDuIciplied into the height. 

Thw?^ 
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Thus the fame quantity of Watcr> however 
imall^ may produce a force equal to any aflignable 
ORc> by incrcafing the height and bafe upon which 
it prefles* 

Specific Gravity. 

Specific Gravity of a Body is the weight of it, 
when the bulk is given and compared with another 
Body of the fame* magnitude ; called fpecific be- , 
caufe it is the comparative weight of different fpe- 
ties of Bodies ; thus a cubic inch of gold is 19 times 
heavier than a cubic inch of Water, hence it is 
iaid to be as 19 to i. 

Rain Water is generally adopted as the criterion, 
as being eafily procured and more uniformly the - 
iame^ a cubical foot of which weighs 1000 oz, 
avoirdupois* 

When a Solid is immerfed in a Fluid, it is prelT- 
cd'by that Fluid on all fides, and that preflure in- 
creafcs in proportion to the height of the Fluid. 

If a heavy Body, as lead, be immerfed in Water 
to ten or twelve times its own thickncfs below the 
furface of the Water, and the fuperincumbent pref* 
fureof the Water prevented, the lead will then re- 
main fufpended. 

If the fuperincumbent preflure of the Water be 
^dded» then the Body wiU fink, only meeting 

with 
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with a rcfiftance of a wei^t of Water equal in 
bulk to the Body immerfed. 

By this refinance a heavy Body lofes fo mijch of 
its weight, as equal to its own bulk of the Fluid in 
which it is immerfed. 

This method is of admirable ufe in afcertaining 
the purity of metals. Fine gold is 19.6 times 
heavier than Water, while filver is only . 1 1 times 
heavier; if gold is adulterated with filver, the Ipe- 
cific gravity of the mixture will be lefs than gold 
and greater than filver, and thus the proportionate 
quantity of each may be eafily afcertained.* 

r 

* Let the rpecific Gravity of the gold be a, and that of fil- 
ver hy (ince the weight of any Body is compounded of it9 
magnitude and fpecific Gravity; if the bulk. of<gold in the 
mixture be jp, and that of fil>^r^ and r, the fpecific gravity of 
the mixture, then ax ~^ c^zzzcj — hy^ and confequently 
c ^-^h\a — c \\ X 'iy^ 

Thus it will appear that by fubtra6ling the lofs of gold from 
that of the compound, the remainder is the ratio of filver ; 
the lofs of the compound from that of the filver is the ratio 
of the gold, 

Suppofing the fpecific Gravity of the compound be 13.11, 
and the mafs weighs 258.8 grains, 

. Lofs in Water 258.8 grains of gold is 14.54 grains, 
Ditto of filver 24.94 

Ditto of the compound 19.74 

Then 19.74 — 14,54= 5.20 ratio of filver* 
And 24.94 — *9'74 ::i: 5.20 ratio of gold. 
In this mixture the quantities are equal. 

Thus 



Thus Mcrcufy in medicinal as well as pbilofo- 
phical purpofes, its purity is a confiderablc objc(5l ; 
it is often adulterated with lead, which being fpc- 
cifically lighter, is thus eafily dete'ded. 



HYDROMETER 

Is calculated to afcertain with cafe and expedi- 
tion the fpecific Gravity of Fluids. 

Suppoiing an Hydrometer difplaces a bulk of 
water equal to looo grains, and the ftem is divided 
' fo that each divifion corrcfponds to a graiij of wa- 
ter; if, when placed in rain water it finks to the 
middle of the ftem, and in common water it is 
one degree below this, and which will take place 
if there be the thoufandth part of difference in their 
Ipecific Gfravities. x 

Proof fpirits at the temperature of 55 degrees, 
weigh 71b. 1 2 oz. per gallon, and rain water 71b. 
1 5 oz. fo proof fpirits is aboup ^V p^rt Jightei* than 
water* 

An Hydrometer of this fizc would require 25 
grains more to fink it in water, than to the fame 
height in proof fpirits. 

Thefe Fluids not only vary in their fpecific 
pravitics s^ccording to the temperature, but the 

bull? 
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bulk of the mixture is fomewhat lefs than the fum 
of the two bulks before the mixture. 

' Sir Charles Blagden has given a table of the real 
fpecific Gravities of every 20th addition of Water 
to Alkohol, from 30 degrees to 100 degrees tern* 
perature,,* 



HYDRAULICS^ 

Pumps were in ufe previous to the Chriftlan aera, 
faid to be invented by Ctefebes, an Athenian : the 
principles on which they aAed were not known 
till the time of Galiteo* 

♦ Monf. Pouget found Alkohol at 15 degk temperatutc to 
Water as .8199 ^^ h ^c found in tenmiktures iri proportion^ 
as below^ the diminutions of bulk ^vere as follows: 

Water. Spirit of Wine. Diminution of Bullc> 

I part 9 parts. ..*.^..*. .0.0109 

a. k.fc 8 0*0187 

3. .- i 7.*...;. ..i 0.024a 

4...*.b....6 .. fc. *...«... .0.0268 

5--- 5. w..*- ,0.0288 

€ 4. .. *. •- .* .. *. .0.0266 

7.^ *...- »3. .•*.*... k. *- .6.0207 

8... 2.. .«....* .0.0113 

9-- » '-^ ®-^44 

So that iht greateil diminution takes place when the quan- 
tities of Water and Spirits are equal* 

N Thirty- 
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Thfrty-thrce feet of water being a couritefpoiffc 
tq the preffure of the Atmofphefe, whenever a 
column is e^haufted of Air, the preffure of the outer 
Air will force the Water up 33 feet ; at any dif- 
fance lower than this, a valve is placed to admit 
the Water to rife up and to prevent its return. 

The force required to work a Pump, is as the 
altitude of the Water to be raifed, and as the fquarc 
of the diamfeter in that part where the pifton 
works* 

r r • 

Ing Pump. 

In this there is no valve fn 'the pirt6n ; after the 
Water is raifed into the barrel, it is forced up into 
a refcrvoir. In this the ftrcam of Water is alter- 
liate ; to render it Ainiform, an air veffel muft be 
made ufe of. 




Diving Bells 9 

As<:onftru(Sed by Borellus, Halley, Triedwald, 
&c. formed like a bell ; Dn Halley in one de- 
fcended 52 feet, and remained an hour and a 
half. Mr. Smeaton's Diving Gheft is the beft 
conftruded, and ufed with great fuccefs at 

Ramfgate; 
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ftamfgate ; ih6 Air fupplled by t forcing Air 
Ihtnp.* 

SvpHONk 

FoUNTAtJ/. 

JjSTS D'EAlTi 



SPRINGS, klVJERS, 3cc. 

It was imagined geiierally by' ancient and mo- 
dern |Ailofophers, that Springs originated from 
Rain and Clouds attra<5led by the mountains^ thefe 
formed Springs ; Springs, Rivers ; and Rivers thfc 
Ocean * frdtn tftefc. Clouds were again formed by 
€vaporatidn; • sMonll Gualricri flicwed that the 
Waters difcharged into the Sea by the Rivers of 
Italy, were to the Rain which fcH a^ 55 to 27 ; 
pcia Hire, that the Rain of 18 y^ars did not pe- 
netrate 8 feet of earth ; and Dr. Hajes dembhftf»atcd 
that the Rains did not fufficc for vegetation. 

♦ In i774j at Plymouth, Mr. Day engaged for 'a wager, 
in a Diving Boat of his own conftrudion, to remain twelve 
hours, 100 feet deep, peri{hed in the attempt. 

In 1783, Mr* Spalding went down with one of his affifl:- 
ants, to view the wreck of the Imperial Eaft Indiaman, at 
the Kifh Bank, Ireland ; they remained about an hour, had 
two barrels of Air fent» on the fignals not being repeated, 
were drawn up and both found dead* 

N a At 
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At a certain depth Water is found, thefe cfFu- 
fions fecm to be fupplied from refervoirs ftill 
•deeper, they by their turns- fed by larger and 
deeper. 

The Earth may be regarded as a Globe having 
internally a great number ofvafcular ramifications 
through which Water flows, thrown into motion 
by the motions of the Earth, and Rivers defctnd 
in the declivities on the furface. 

Monf* Buache conjedlures that there is an un- 
interrupted feries pf mountains and high grounds, 
which divide the Earth into four declivities. 
Thefe chains of mountains forming Belts; thus 
the Alpine Belt extends through the 45 th, 46th, 
and 47 th degrees of N. Lat. pafling through Swit- 
zerland, Tyrol, Savoy, Saltfburg, Auftria, Mora- 
via, Bohemia, Poland, Pruffia, &c. 

This Belt originally went, round the Globe, by 
extraordinary revolutions has been divided and 
thus feparated the old and new continent, . in 
pafling under the Sea, the elevated peaks form 
that Archipelago of Iflands which derives its name 
from the unfortunate Bhering, again rife and enter 
North America, running in the fame p^i-allel, and 
giving rife to the Ohio, St. Lawrence, Mififlipi^ 
till they are loft in Canada* 

Thus Mungo Parke obferved a fimilar Belt in 
Africa, between 10 and 1 1 degrees North, and 2 

and 
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and lo degrees Weft Lpng. from Greenwich, in 
the highcft part of which chain was fituated the 
fource of the Gambia. 

Owing to thefe irregularities of the furface of the 
Earth, Currents and Streams proportionably take 
place : thus the ^reateft depth of the Wells at 
Schemnitz is 2CX) fathoms, yet it appears from the 
barometrical calculation of Noda, that the greateft 
depth of thefe mines is 286 fathoms higher thaii 
the city of Vienna. 

In digging into the Earth, according as the fur- 
face is more or lefs elevated, thefe veflels are more 
or lefs deep, when one is cut into, conftitutes what 
i^ called a Spring, 

Sometimes this opening may be in the loweft 
part of the yfeffel, thje Water being prevented find- 
ing its own level, in confequencc of the refiftancc 
of the fuperincumbent Earth ; when this is re- 
moved, rifes confiderably up: thus the Well at 
5heernefs the Water rofe 300 feet above its furface. 
At Connecfticut, in America, a Well was dug 70 
feet before Watef was found ; -on removing a large 
ftone, the . then uncontroulcd Spring gufhed for- 
wards, ^un oyer, and ever fincc has formed a 
Brook. 

Upon thefe ^principles may be eafily explained 
why a warm mineral Spring may be contigaous to 

a common one. 

••..•■■.,. • 
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Under Currents. 

If one of thefe ^(^ueous veflels (hould open in a 
Jliverj^ in a dircftion oppofit? to the ftream, it wiH 
conftitute an Under Current. 

Dr. Halley obferved thU in the Straits of GU 
braltar ; Triedwald has particulari?;ed the fame ii| 
the Baltic^ and Smeaton the lape at Lpng Reacb^ 

In the Current pf the Baltic a veflfel is carriecj 
with great rapidity; to dicck this, a flat board 1$ 
funk about 39 fathon>s, the contrary difedion of 
tl>c Under Currep.t ftops their ptpgrefs^ 



HYGROMETER 

I9 an inflrument intended to difcpver the jTX)ri^ 
tyre contained \r\ the Atmolphere. 

• All fubftaiKes H'hiqh are twifted are <:pntia&e4 
\yf moiftur^j^ while other fubftance? sjre lengthened. 
Thi^ wood e?cpands by nioifture i ropes, catguti 
beard of a wild oat^ &$:. contradi:. Mr. De I^uc 
fbtind that whalebone ^nd box cut acrofs their 
fibre? increafcd nearly in proportion tp the quantiQr 
tof moifture ; whalebone be prcferfcd, as it qni- 
Ibrmly returned to the faine point, and its cxpaiir 
■iion greater, nearly one eighth of itj }ci\gth. 

THER. 
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THERMOMETERS. 

An inftrument contrived for meafuring the re- 
lative degrees of heat in Bodies. 

Its invention is attributed to feveral perfons, 
Sancflorio, Galilaeo, Father Paul, &c. Drebbel 
introduced it into England. 

The firft were only filled with Air, about 2 feet 
long, and a fmall quantity of coloured liquor in 
the tube. Air, although very fenfible, yet being 
influenced by other caufes than by temperature, on 
this account is imperfedl. The Florentine acadct- 
miciaus filled them with Spirits/ Dr. Hooke in- 
frgJuced them into England. As fpirits of wine 
notafcertain theliighcr degrees of Heat, New- 
fon adopted linfeed oil in a tube 3 feet long, and 
half an ijacb wide, and the ball two inches j this 
being inconvenient from its length, and inaccu- 
rate from the oil adhering to the fides of the tube, 
induced Farenheit to fill his with Mercury, and 
which at the fame time was aifo done by Prims in 
England. When Maupertuis and the French phi- 
lofpphers wenf to the polar region, the Spirit 
Thc)rnioiTieter$ burft, the mercurial ones remain- 
ed perfed ; at the fame time Boerhaave adopting 
Farenheit *s, render it general. 

All Fluids, excepting Air, arc inferior to Mer- 
cury in fenfibility. 

N 4 Graduation 
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Graduation of the Thermometer. 

At firft there were no general ftandard ; the 
Florentines adjufted to the greateft funlhine Heats 
of their country, which were neceffarily vague and 
uncertain. Mr. Boyle recomiriended the freezing 
of the eflential Oil of Anifeed, or the congelation 
of diftilled Water. Dr. Halley preferred taking 
as a ftandard places deep under ground, as Mr, 
Boyle had obferved that 130 feet , deep the Ther- 
mometer was uniformly the fame ; De la Hire and 
Miraldi found the fame under the Royal Obferva-. 
tory. at Paris, and thus graduated theirs. After-, 
w^rds Dr. Halley recommended the heat of boilipg 
water, which Newton and Amontons adopteai 
Farenheit firft obferved that this varies as |the prdT-* 
fure of the Atmofphere, hence Thermometers 
ihould be graduated when the Barometer is at 29 
and ^, Mr. Cavendilh, obferving a librating 
motion in the boiling h^aj:, recommends the fleam 
^s more correft. 

The- Graduation which is* made ufe of in Eng- 
knd and Holland,, is that of Farenheit's ; in the 
forming of which he made ufe pf a large Thermo, 
meter, fuppofing the greateft pojlible degree of 
cold was that produced by a rpii^ture of Snow or 
beaten Ice and Sal Ammoniac, he fixed this point 
}^t Zero^ the Mercury in the tube weighed 1 1 1 24 

grains ^ 
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grains ; when placed in water beginning to freeze^ 
the Mercury rolfc up 32 grains, which he marked 
as his freezing point ; when placed in boiling wa- 
ter, it rofe up ^12 grains, and which charafterifed 
fh^t degree. 

To have a very fenfible Thermometer, the bore 
(hould beyery fmall, and the ball large, if inftead 
of being round wa^ flut^ the Mercury would expofe 
g larger furface. 

To afcertain the higher degrees of Hear, Mr^ 
Wedgewood's fquare (deces of clay, which coi>5. 
Jrad, by great intenfitics of Heat.* 

J)egrees of Cold. 

BoERHAAVE imagined that the Air was never 
colder than 32 degrees j ajid when Farenhcit had 

* Mr. Wcdgewood divides hij$ fcale into 160 degrees, the 

firft degree that at which clay firft begins to contraft, the 

lowed degree of his Thermometer e<}ual to 1077 ®^ Faren- 

'}ieit; he found the following to be melted at the degrees 

Jiere marked. 

Nankeen Porcelain,,,. 21877 Pcgrees Farenheitp 

Pig Iron for calling 20577 

Plate Glafs. ^7^97 

Welding Heat of Iron. 13427 

Gold melts 5237 

Silver melts 47^7 

j^rafs melts. •• »« .3807 

b^ 
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hj a mixture of pouadcd Ice and Aqua Fortis pro- 
duced a degree of cold of 72 Vgree§ below ^hc 
ireezing point ; 9 cold fays Boerhaavc that muft 
piove deftrudliYC to all animated nature. 

At Pcterft>urg, in the year 1759, ^^^ Th^rmo- 
pieter wa.s 74 degrees b^low the freezing point. 
Fallas obferved at 129 deg. uhen GmeHnu3 pub- 
lifhed an obferyation of its finl^ing to i^^, it was 
doubled in 1760: the jTamp was pbfervfd In Sweden. 

Artificial Cold, 

Professor Braun, in December 1759, refped:^ 
ing Farenheit's experiments for want of Ice and 
Snow, and to bis great furprife funk down to 184 
degrees be}ow frqezing, and the Quickfilver ren- 
dered folid. In 1763 Pallas had ^Ib. pf Quick- 
filver froze by the natural Cold. 

The Southern Latitudes are much colder than 
the Northern, which feem to arife from the diffe- 
rent diftances of the Earth in the Winter and Sum- 
mer, as the Earth is three millions of miles nearer 
the Sun in our Winter than in our Summer ; al- 
though the rays of Light are more oblique, yet we 
are one thirpy-fecondth part nearer the Sun. In 
the Southern J^titudes it is the reverfe : in their 
Winter the Earth is alfo three millions of mile^ 
more remote ; fo that they Jiave an incrcafed dif- 
^ce added to the obliquity pf the Solar rays. 

ASTRO. 
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ASTRONOMY, 

That branch of natural knowledge which re- 
lates to appearances in the Heavens ^nd the; caufes 
pf them, is termed Aftronomy. 

A fpedatof viewing ih^ Heavens, conceives him- 
felf fituatcd in the centre of ^ Sphere, upon the 
^oncarve furface of which^ all the heavenly Bodies 
are difpofed^ 

The fyftem at prefent adopted is that pf the mod 
lancient J Pythagora§ cjerived it from his intercourfc 
>vith the Chaldeans, ^d this continued till^ the 
period of Ptolemy, ^Ijo Jiiypd abput a century af- 
ter our SavioOTf 

The Ptolemajc theory prevailed till the 15th 
century, when Copernicus revived the Pythagorean 
jSyftem. 

About 5p years after another fyftem arofe, cre- 
ated by Tycho Brahe, which has been adopted by 
very few. 

The Pythagorean or Copernican Syfiem. 

The Sun in the centre, round which all the 
planetary Bodies revolve, and in the following or- 
jder; Mercury, Venus, the Earth and Moon re- 
volving round the Earth, Mars, Jupiter, Saturn, 

and Georgium Sidus, 

^ ' This 
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This order coincides with the different appear- 
wee*.* * 

Ptolemaic Syjlem 

Supposes the Earth in the centre, the Moon, 
Mercury, Venus, Syn^ Mars^ Jupiter ^nd Saturn 
movinor round, 

Syjlem of Tycho Brake. 

The Earth, in the centre, the Sun and Planet^ 
revolving round once in 24 hours, 

Orbits of the PlanetSf 

Till the period of Kepler, 1609, the Orbits of 

.the heavenly Bodies were belieyed to be circular; 

he firft publilhed his Commentary on the Motion 

pf Mars, and Ihewed that the Placet defcribed ai> 

Ellipfis about the Sun, and that the Sun was place4 

* Veiius and Mercury fometin^e$ 9ppe?r (Uttopary, at 
other times retrograde in their motions, while if the Earth 
were in the centre, they ought to be obferv.ed uniformly 
moving round ; alfo A^enus and Mars appear fix or feven 
limes larger at one time than at another, which demonftrate 
that tn their orbitary revolutions there muft be very great 
l^ifFerence in their diftancea from the Earth, 
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in the lowcrmoft focus ; he conjedured this might 
be the cafe with every &her.* 

Sunf 

I^ diameter is 893522 miles^ and is 143440Q, 
times greater than the Earth. The Sun has two 
motions, one round its Axis in 25 days fix hours, 
and an irregular orbitary one round the common 
Centre of Gravity. As the Centre of Gravity can 
fiever be farther removed from the Sun's Centre 
than its circumference, the orbitary revolution is 
comparatively fo trivial^ that the Centre of the 
Sun is generally calculated as the Centre of Gravity 
of the folar fyftem. 

♦ Kepler whimfically imagined that the Sun was alive, 
and that the revolution round its Axis was the adion of itf 
Soul ; the eccentricity of the Orbits of the Planets^ he ima- 
gined the Bodies of the Planets were compofed of fibres in 
« form of bearded arro ws, which lay all the fame way, flatten- 
ed when their points were offered to the Sun on one fide, 
which (kx>d erefted when offered to it on the other; fo that 
when that fide was expofed to the Sun where thefe barbs re* 
treated and flattened^ this mark of refpef^ was deemed 
friendly: hence the Sun attra£):ed it nearer to itfelf, when 
they were reyerfe and in an offenfive, hoftile motion, was 
fuppofed inimical and repelled by the Sun, 

~ f Called Sol by the ancients, becaufe as Macroblus fays^ 
iit appears /olm or alone. 

When 
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When thfe phafc of the Sun in examined thn>u^ 
atclefcope, a numbd: of ^Ixnsrsdtifervedofvariu 
ous fizes; by daily obfervation thefe gradually 
change their apparent fituation, and return again 
into their fame place at the- expiration of 2 5 days, 
fix hours : owing td this the revolution round ita 
Axis is afcertained. 

Thefe fpots are fome of them of an amazing 
fize, equal in magnitude to the furface of the 
Earth. Rev. Mr. Wollafton of Canribridgc feys, 
with a twelve indi jrefiedlor he fawa fpot burft to 
pieces/ and appeared like a^pkce of ice^broke, n^ 
disting in various diredliohs. 

Whiat thefe fpots are, is a fubjeif): much dif^ 
puted. Scheiner thinks they .are volcanoes noi 
appearing fo luminous as the Sun, have that dark 
look : hence he calls them Faculae or little Tor- 
ches. Dr. Wilfon fancies they are excavations in 
the Sun, as he fuppofes the Sun is in a ftate of 
combuftion on its furface: fbme of them are found 
to be 4000 miles wide, and as many deep; thefe 
are obferved to vary in their fize, and fometimes 
entirely vanifti, while new ones are produced. 
Hevelius obferved one which appeared and vanifli- 
ed in 16 pr 17 hoars, and none of them have beeq 
obferved to continue longer unchanged than 7<^ 
days. 

Af 



< r8'7 ) 

As it is now generally btfievcd thit iht Sun k 
the fouritain af Light, but not of Heat, Dr. HfeHt 
chel thinks it may be inhabited* 

Mercury 

In diameter is 3261 miles, 37 millions of miles 
diftant from the Sun, and about -rV ^ l^^g^ ^ ^^^ 
Earth ; h^ moves round the Sun in 88 days, a Ve- 
locity C(}ual to 1 10680 miles ievery hour. 

Mercury, like all other Planets deriving all its 
Light froiifn the ISun, witl be fecn by thcinhabi- 
tants of t!hc Earth undergoing all die changes of 
die Moon ; this S^s 'firft obferved by GalilSeo, 
y^ho firft applied a telefcdpc to the Heavens* 

Mercury never appearing remote fr^n ihcSan, 
it is but rarely he can be ften ; in genial Ift^ ap- 
pears within a quarter of an hour of the Sdn, fo 
immerged in its luminous rays, that no obfervar' 
tions have been made on its Body, . in order to aC« 
certain its revolutions round its Axis. 

Ve7ius. , 
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In diameter is 7699 tnlles, and 69 millions of 
miles diftant from the Sun, revolves round this 
luminary in 224 days, and' round its Axis in aj 
hours^ 2 i minutes, iniize is equal to our Earth ; 

its 
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its orbitary velocity is 80955 miles per houn Ve- 
nus being more remote f|^m the Sun^ is more ea- 
fily examined. 1 

Gaiilaeo firft obferved that when fhe' was per- 
fcdlly round and full (he appeared fnaall, and larger 
as (he became gibbous.* 

Caflini, in i666i fi^ft obferved a bright fpot in 
Venus, and concluded th^t (lie revolved round htnr 
Axis in little lefs than one of our days. 

In 1726, Signior Blanchini obferved many fpots 
in Venus. 

Mr. Schroeter, of Rieitien, jChin^ V^u$ has art 
Atmofphere j when obferving Venus in her Cref-» 
cent^ the outer Limb is more luminous than the 
inner ragged onej, the Light fading away^ as is ob-^ 
ferved in the gradual diminution of Light on At^ 
mofphere ; this muft be more fen(ible in the mid-* 
die than at the Cufptf. 

* The lutlre of Venus being fometitnes fo gtesU: &s to he 
feen in the day«titne> gave occadon to Or. Halley to enquire 
into thccaufe: he propofes this j^robleoi, •* In which part 
of her Orbit, with refpeft to the Earthy is the illuminated 
portion of Venus' Difk) turned towards the Earth, the 
greateil that it can be"? 

He found ^nls to be when that Planet is about 40 deg. dif^ 
tant from the Sun, and when little more than one quarter of 
Ker vifiblc Difk is luminous, and (he refembles the Moon 
about five days old, in every eight years fhe returns to the 
like pofition again ; fo that Hie may be feen the fame day of 
the month, and hours, nearly in the fame place. * 

When 
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When Venus departs out of theSun*s Rays, on 
the weftern fide, we fed her in the morning juft • 
before day- break, fhe is then called the Morning ' 
Star, at this tinie appears like a fine thin crefcent i 

juft a Verge of filvef light is fcen on het edgcJ. 

« ♦ 

Of the fuperior Plmets, 

Mercury and Vends are termed the inferior 
Planets, thofe which m6ye in Orbits circum- 
fcribLng that of the Earth, are termed fuperior. 
Thefe "e^^cfhibitphehDmen^ confiderably different, 
in their motions they always appear retrograde 
when in oppofition, and dired: when in conjunc- 
tion. 

The elongation of the inferior Planets is lefs 
thah 90 degrees, fo feem conftantly to attend the 
Sun, the fuperior are fometijpes 1 80 degreeis. 

The fu period Planets are never feencrofling the 
Sun's Dilk, as m their^evolutions they are fome- 
times nearer to, and fotn^times furthi!r from the; 
Earth, and their apparent diameter is found to 
varv according, to the diflfcjence in their dil- 
tance. % * 

Mars 

Is 5ji^ rrtikij in diameter, 146 millions of 
miles from the San^ goes rojqd the Sun in 686 

' O days, 
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djiiys, revolves round its Axis in 24 bourSj 39 
niihutes^ is ^^ of the fize of the Earth, and moves 
in its orbit with a velocity of 55783 miles in an 

hour. 

Dr. Hooke firft obferved a fpot in Mars, by 
which its revolution round its Axis was afcer- 
tained by Caffini. In 170+ Maraldi obferved 
many fpots« 

Mars, when in oppofiiion to the Sun, is five 
times nearer to ys than when in conjundlion.* 

Mars appears to have a confiderablc Atmof- 
phere, Caffini obferved a Star in the water of 
Aquarius^ at a diilance from the Difk of Mars 
*? became fo ftint before its occultation, that it 

could not be fecn with the naked Eye: Roemer 
obferved the fame at Paris. Alfo Dr. Herfchel 
bas often perceived occafional changes of partial 
bright Belts, which feem to arifc from the varia^ 
blc diipofition of an Atmofphere, 



Jupiter 

1390,^55 miles in diameter, 499 millions of 
miles from the Sun, revolves once round the Sun 

♦ As the Earth is at a mean 96 millions of miles from the 
Sun, then Mars at its nearefl diftance ivill be 50 millions of 
miles from the Earth ; when at its greateft dilUnce, will then 
be 242 miUi(H)S gf miles, 

m 



( t9i ) 

in 1 1 years and 3 14 days, and round its Axis in 9 
hours 56 minutes; in nriagnitude is 1479 greater 
than the Earthy and moves in its orbit with a ve« 
locity of 30,193 miles in an hour.* 

This Planet appears with Bands or Belts, which- 
were firft obferved by Gaflendus ; Caffini, while 
viewing Jupiter, faw five Belts, and in the courfe 
of an hour two difappeared. What thefe are, and 
why when obferved always form parallel ftrata, 
are circumftances not yet accounted for. 

Saturn 

» 

Is 80012 miles in diameter, 916 millions of 
miles diftant from the Sun, revolves round the 
Sun in 29 years 167 days, and round its Axis in 
10 hours 12 minutes'; its magnitude is 1030 
greater than the Earth, and moves ^ in its orbit 
with a velocity of 22,298 miles per hour. 

Galilaeo thought it a tricorporate Body,f fup- 
pofing it to becompofed of three globes ; 50 years 
afterwards Huygens afcertained its annular ftate. 
What Galilaeo took for two Stars, were parts of a 
Ring, which Angular and curious appendage en- 
compaffes the Body of this Planet without touch- 

♦ This great velocity of Jupiter renders his figure fpherol- 
^al ; his equatorial diameter to the PoIa« one is as 13 to 12. 

f Altiflimam planetam tergefimam obfer/avi. 

O 2 ing 
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ing if ; the fpace between the Ring and Globe is ] 

about 21,000 miles, and the breadth of the Ring 

is nearly the fame. Dr. Herfchel' has difcovered 

another Iling, concentric to this, and much 

larger. 

What ihefe Rings are intended for is not 
known ; ihey are inclined to the plane of the 
ecliptic in an angle of about 30 degrees, hence 
well calculated to reflcd Light to the polar re- 
gions of Saturn. 

Georgium Si dies 

.Was not known as a Planet till Dr. Herfchel's 
obfervations were engaged to it from the fteadi- 
nefsof its Light; in applying higher magnifying 
powers to his tclefcope he found the diameter 
increaftd ; in two days its place in the Heavens was 
changed: to fee it thus, the magnifying power 
ought to be more than 300 times* 

This was difcovered in 1781 ; in diameter is 
34,217 miles, diftant from the Sun 1832 millions 
of miles, performs its rcvoIutioiTin 80 years; in 
magnitude is 81 -/^ larger than the Earth, and 
moves with a- velocity of 16,411 miles per hour. 

The mean diflancc of all the Planets is gene- 
rally more con^ifely exprelHd by aftronomers f 
fuppofing the diflancc of ihe Earth from the Sun 

be 
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be .divided into ten parts. Mercury may then be 
ellimated at 4, Venus at 7/Mars at ^5^ Jupiter 
52, Saturn 95, and the Georgium Sidus 190 
parts- 

* ' Earth 

V 

Is fituated in the Solar fyfiem, between Venus 
and Mars; its mean diltance from the Sun is 96 
millions of miles, its diameter 7920 miles; moves 
round the Sun once in 365 days, 5 hours, 48 mi- 
nutes, and with a velocity in its Orbit of 68,856 
miles per hour. 

Who it was found out the Earth's fphcrical fi- 
gure, lies hid in the dark ruins ofantiquity ; cer- 
tainly the opinion is very ancient, for when Baby- 
lon was taken by Alexander, Eclipfes were there 
found calculated.* Thales in the ionic fchool 

« 

• When any Body In all (ituations and under all circum- 
{lances projefls a circular (hadow, that Body muil be a Globe. 
Thus the {hadow of the Earth, whether projefted Eaft o^ 
Weft, North or South, in eclipfing the Moon, ij» always* cir- 
cular. 

The Eartn Ljfes very little of its fphericity by mountains 
and valleys. Mont Blanc, an enormous mafs of granite in 
the centre of the Alps, n?eafures 2750 fathoms ; the Cordil- 
liers 3030 fathoms, Quito 1707, El Corafm 2470, Ek Atlas 
2730, all parts of -the CordUHers or Andes. Peak of Tene- 
rifFc 1934 fathoms, Mount iEtna 1672, Mo\int$ Olympus, 
f «iurus, and Cenis 14^0 fathoms, &c, 

O 3 col- 
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collcflcd all the relations given by travelers, _.^ 

brought all thefe particular Lights upon a fpherc, 
and produced in Greece the firft terrcftrial Globe. 

Secondary Planets 

Are thofe which attend the primary Planets ; 
Mercury and Venus have none, the Earth is at- 
tended by one Moon or Satellite, which is fitu- 
ated about 240^000 miles from the Earthy and 
moves round the Earth in 27 days, 7 hours, 43 
minutes, which is called the periodic month ; in 
this time flie has performed one entire revolution 
about the Earth, from any point in the Zodiac to 
the fame again. 

The Moon's mption confidered with relation 
to the Sun, is the excefs of the velocity of the 
Moon*s motion above the velocity of the Sun's 
apparent motion ; this excefs varies : the mean 
motion of the Moon from the Sun is 12 degrees, 
II minutes, 26 feconds in a day, which carries . 
the Mbon from one conjundlion to another in 
39 days, 12 hours, 44 minutes, 3 feconds. This 
is called a fynodical month or lunation. 

The Moon turns about its own Axis in the 
fame time it moves round the Earth j it is on this 
account that (he always preients nearly the fame V^ 

face to us : by this motion round her Axis flue 

turn^ 
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turns juft fo much of her furface conftantly to-- 
wards us, as by her motion about the Earth woulcj 
be turned irofn us.* 

The Moon, when viewed through a tclefcope, 
does not appear fmooth like a fpeculum, rough 
and uneven with mountains, caverns and valleys. 
Thefe irregularities are more particularly obferv- 
cd in the crefcent flate. 

Whether there is any Atmofphere about the 
Moon^ is not yet known, (lie always appears clear 
when our Atmyofphereis i yet Feuillee and De la 
Hire fays, that a Stai- pafling behind the Moon 
has been refraded j this by others is denied^ yet 
fome have obferved the Sun to have a trembling 
kind of motion jud before an Eclipfe, and to ap* 
pear. oval. 

In 1787 Dr. Herfchd obferved fome luminous 
fpots in the dark part of the Moon, oceafionally 
very vivid ; he deems them volcanoes. Don Uli- 
loa, when in South America, had^ferved a fi- 
milar fpot at the time of an Eclipfe; he thought 
therewas a hole through the Moon, which kt the 
jLight pafs through. 

♦ The motion about the Axis is*equablc and. uniform, but 
that about the Earth is irregular, from the Orbit being ellipti- 
cal, confequently the fanib pfccif^ part Is net a6lually pre- 
fented towards the Earth ; a little fegment on the Eaftern and 
WcRern Limb appear 4.nd difappear* This is called the 
Moon's Libiatm, 

. O 4 Different 
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Different Phafesofthe j^oon, 

As the Moon goes round the Earth, more or 
Icfs of her enlightened half will be prefented to-, 
wards us, fometimes (he looks full upon us, fome- 
times only half her enlightened facej foon fheap- 
pears as a radiant Crefcent, and at another time 
invifible. 

Moon revolves round the Earth from Weft tq 
Eaft, when in oppofitipn to the Sun we fee it 
quite full, when in conjundion is generally invi^^ 
fible i\ day or two ; then a line appears in a cref- 
cent form, increafing, till at "the firft quarter Ihc 
.appears in theform of afemicirclc. 



The next Planet which has Moons is Jupiter^ 
he has four of thejxi ; thefe were difcovered by 
Galilaeo, who called therti the Medicaean Stars j 
of thefe he only faw three, the foMrth was difco- 
vered by Huygens; 

The application to navigaiior^ was fuggefted by 
Qalilaeo, and firft put into pracflice by the aftro- 
nomers Condamine, Bougouer, Don Ulloa, &c. 
By thefe Roemer detcrniincd the velocity of 
Light. 

Satellites 
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SMellites of Saturn. 

HuYGENS difcovered the fourth Satellite : Caf^ 
fini 16 years after difcovered four, being the 3d, 
jth, 6th and 7th. In 1789, Dr. Herfchel difco? 
v'ered two Hearer the Body of Saturn, viz. the 
I ft and 2d. Thefe are fo minute as not to be 
feen unlefs the Air is exceeding clear, 

Satellites of Georgium Sidus. 

Jn 1787, January 1 1, Dr. ]Herfchel difcovered 
two Moons, &c. 

All thefp Moons appear to anfvyer the impor- 
tant purppfe of reflediing Light to their refped:ivc 
primaries, ^nd if they refemble ours; this feeni$ 
to be the principal purpofe of their creation, they 
feem not to be calculated for Beings like untg 
ourfelves. 

Seafonsr ' 

The Orbit of the Earth being elliptical^ ancj 
the Earth's Axis being inclined to the plane of 
this Orbit, in an angle of 23 degrees, 30 minutes^ 
^o thefe the change of Seafons is owing. 

As 
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As far as this angle extends, the inhabitants of 
ever)^ part of this circle will fucceflively have ih^ 
Sun vertical to then). 

The Summer is nearly eight days longer than 
the Winter; as the Earth is farther removed from 
the Sun in Summer than in Winter, the velocity 
x^ith which it moves through the Orbit is dimi- 
niflied : the Earth as well as all the Planers^ de- 
fcribes e(jual areas in equal times. 

JOivifion of Time, 

There i^ no correft account refpecfling the an^ 
cient diviiion of Time ; it is faid by fome the 
Egyptian years were our months : the Arcadia 
ans divided their year into three months, the 
Romans into ten.* 

The 

* 

* Romulus made this divifion, viz. Marc^, April, May, June, 
Quintilisj Sextilis, September, 0£lobcr, November, and Do- 
cember ; Quintilis and Sextilis were afterwards changed into 
July and Auguft, in honour of the two Cacfars* Numa ad- 
dcd January and February, Evefn this increafe divided the 
year into only 354 dayS| the eleven days he doubled evcry 
fecond year and made another month, called Mercidonius ; 
this intercalation was left to the priefts, who frequently o- 
mitted it ; thus the feafts fell on different times. Julius Caa- 
far to reftify this, made one year of 15 months, he then added 
tnc 1] days to the 354, making the year 365 days, equal to 

thp 
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The Time meafured by the Sun's apparent re- 
volution from any fixed ftar to the fame fixed 
ftar again, is 365 days, 6 hours, 9 fcconds, 14 
thirds. 

The Time meafured by the Sun*s revolution in 
the Ecliptic, from any Equinox or Solftice to the 
fame again, is 365 days, 5 hour^, 48 feconds. 

the courfe of the Sun within 6 hours ; thcfe hours were left 
alone tiU they made one day ; every 4th year he placed this 
day, and in that part of the calendar where the intercalary 
month ufed to be put, viz. five days before the end of Fe^- 
bruary, and fix th ef the Calends of March, for this year the 
i'upernumerary day was called BifTextus ; this is called the Ju- 
lian Period, and which would have been correft, had the 
Sun apparently fintfhcd its revolotion in 365 days, 6 hours. 
The interval of Time from the Sun's leaving the lirfl point 
of Aries^ till his return to it, is 365 days, 5 hours, 48 mi* 
nutes, and 48 feconds, being 11 minutes and iz (econds lefs 
than the Julian computation : this in a century makes a dif- 
ference of 18 hours, 24 feconds. At the time of the Coun- 
cil of Nice, in 15S2, it was found that the Sun had entered 
the equinoctial circle pn the nth of March inftead of the 
S^id. Pope Gregory XIII, took thcfe ip days, ordered tha| 
the nth {hould be deemed the 21 ft. This was called New 
Stile, and immediately adopted in every Roman Catholic 
country, not adopted in England till the middle of this cen* 
tury : to prevent this difference, he ordered that every 100th 
year ihould be a comn^on year, not a Leap Year. This will 
lead into an error on the contrary fide ; every century the 
difference does not atnount to one day, to render it more 
A^ual every 400th year fliould be Leap Year. 

The 
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The former is called th^ Sidereal Year, the latter 
the Tropical. 

The Lunar Year, or twelve Synodical Months, 
confift of 354 days, 8 hours, 48 ftconds, and 
which feems to have been the year the Romans at 
firft adopted, 

AJVeeL 

The firft mention of a Week is in Genefis,. 
derived from the Mofaic acizount of (he Creation. 
Jofephus obferves that in all cities of Greeks or 
iBarbarians,. the fevcnfh day is obferved. Dion 
Caffius, the h|ftgrisri who wrote in A, D. 210, 
fays, the r^ftrripg of days to the feven Planets 
was an invention of the Egyptians, in the order 
ofthie vulgar fyftem, viz. of Ptolemy's. Suppo- 
fing the Earth in the centre, Saturn to govern the 
firft hour of Saturday, counting according to the 
order of the Planets, the twenty-fourth hour will 
fall to Mars, the firft hour of the next day will 
belong to the" Sun, who therefore will govern that 
hour, and give the name to the day, &c. 

Eclipfes of the Sun and Moon. 

As all the Planets derive their Light from thp 
Sun, whenever one Planet is incerpofed betweerj 

the 
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the Sun and another Planet, a proportionate de- 
privation of Light will take place. 

If the orbit of the Moon had not been inc^lined 
to the plane of the Ecliptic, there would then have 
been two Eclipfes every lunation ; as the Orbit is 
inclined in an angle of | degrees, there can only 
be an Eclipfe when the Sun, Moon, and Earth 
are in a right line. The Moon's Orbit, if pro- 
duced, would cut the Ecliptic in two points. Cal- 
led her Nodes, or places of interfedlion, fo that 
one half of the Moon's Orbit will be above the 
Ecliptic, the other below. 

As an Eclipfe of the Sun can only take place at 
New Moon, if the Moon in the courfe of her re- 
volution (hould be at this period in thefuperior 
part of her Orbit, her fhadow when projeiflcd 
will pafs above the Earth, and hence no Eclipfe : 
if at this period fhe (hould be at or near the 
Node, (he will then be nearly in a right line, and 
her (hadow will fall on the Earth. 

There are more Eclipfes of the Sun than of the 
Moon, but more Eclipfes of thd Moon vifible 
than of the Sun. 

If the Moon's Nodes had no retrograde motion, 
there would bcjuft half a year between the time 
of the Sun's conjudlions with the Nodes ; the E- 
clipfes fall fooner every fucceeding year, as to prove 
fhat the Nodes move backwards 19^ degrees 

everjr 



( 202 3 

every ycar^ hence go backward through all the 
figns in 1 8 years and 1 1 days. This was firfl: af* 
certained by Pliny^ hence called 

Plinian Period* 

It to the mean time of any Eclipfe, either of 
the Sun or Moon, there are added 1 8 years, ii 
days, 7 hours, 43 minutes and a half> will afcer- 
tain the mean time of the return of that Eclipfe* 
As the Nodes go backwards 19 degrees, nearly 
equal to j 9 days of the Sun's motion ; hence tak-^ 
ing half of this from 182 days and a half, or half 
a year, will remain 173 days for the time of 
the Sun's being in conjundlion with the other 
Node* 

Tranfits. 

Mercury and Venus o^cafionally pafs over the 
Sun*s Difk. 

Mercury's Orbit is inclined 7 degrees to the 
Ecliptic, and his Nodes is in the 14th degree of 
Taurus, and 1 4tji degree of Scorpion. The Earth 
is on thefe points on the 5th of November an3 
the 4th of May, if Mercury is then near the 
Nodes, at thefe times there will be a Tranfit, ap- 
pearing like a dark round fpot upon the Pi(k of 

the 






( 203 ) 

the Sun. this takes place about once in three 
years, not always vifible to us. 

Venus* Orbit is inclined 3 degrees and a half 
crofling the Ecliptic in the 14th degree of Gemi- 
ni and Sagittarius ; as this Orbit is fo large, it 
rarely happens that the Earth is in a right line 
with Venus and the Sun, when Venus is in her 
Nodes. 

Dr. Halley having propofcd a method of deter- 
mining the diftance of the Sun from the Earth, by 
thepaffageof Vcniis over the Sun, to one-fortieth 
part of a fccond. With this view fome aftrono- 
mcfs were fent with Captain Cook in 1761 to* 
^t. Helena. There will not be another vifible 
one til^l 1996. 

Tides. 

The ancients had very imperfeA ideas of Tides. 
Homer fpeaking of Charyhdis, fays, 

** Tkn'ce each day it rifes,'* 

There is little or no Tide in the Mediterrs^nean, 
Chary bd is is only a whirlpool in the Streights of 
Sicily.- Herodotus, fpeaking of the Red Sea, fays 
there is a flux and reflux of water in it every day, 
Horace fpeaks of Tides as a phaenomenon he 
had either feen or heard of, 

" QusB Mare compefcapt caufae." 

There arc a few places in the Mediterranean in 
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which Tides have been obferved, vit. the Syrtic:, 
the Adriatic, the Faro of Meflino^ and the Euri- 
pus : the Faro and Euripus being narrow chan- 
nels, are more currents; in the other two places 
Dr. Shaw particularizes Tides.* 

Pytheas, of Marfeilles, who lived about the time 
of Alexander the Great, firft fuggefted that Tides 
were governed by the Moon ; Kepler was the firft 
who attributed them to a principle of Gravitation. 

Galilaeo imagined Tides to be produced by the 
different velocities of the annual and diurnal nrio- 
lion of the Earth ; which explanation would an- 
fwer well, if the Tides occurred at noon and at 
midnight, and : no variation in their rife ; but 
ihey are found to move through the 24 hours, and 
vary daily in their rife. 

Dr. Wallis^ in 1666, furmifed that the Earth 
and Moon having a motion round their centre of 
Gravity, according as the acceleration and retard- 
ation were coincident. 

Sir Ifaac Newton, more partial to his fyflem of 
Gravitation, by a very laboured hypothelis of the 
attractive powers of the Sun and Moon, endea- 
vours to explain the phaenomena of the Tides. 

* Varennius tells us of one phllofopher who imagined the 
Earth and Sea to be a living creature^ and the Tides caufcd 
hy its refptration ; fomc imagined they proceeded from a great 
nUiirlpool in Norway, which for fix hours abforbs the water, 
and afterwards difgorges it, &c. 

Suppofing 
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Suppofing a power of attradlion to exift in all 
the (pace betwctn our Earth' and the Sun and 
Moon, is attended with many difficulties : the 
following theory is offered. 

The mean velocity of the Moon round the Sun 
is the fame as the Earth ; fuppbfing the Moon of 
the fame denfity as the Earth, its proportionate 
quantity of matter to the Earth will be as i to 
49.22*. As the mean diftancc of the Moon from 
the Earth is 240,000 miles, the common centre of 
Gravity of thefe two Bodies will be inverfely as 
their weights from their refpeAive centres, viz. 
4896 miles from the centre of the Earth, 936 
pniles above the furface. 

When on Gravitation it was obferved, that this 
principle appeared probable to be that general im- 
pulfe whl^h this Earth and all matter appertaining 
to it ^ has in confequence of its orbitary revolution, 
]thai the diminution of Gravitation towards the 
equatorial parts correfponded to the counteradive, 
the annual motipn of the Earth by the diurnal one. 

* As fpheres being to each other as the cube^ of their 
4iameters; ihc Moon being 2161 miles in diameter, and 
whofc cube is 100916992B1 ; the Earth being 792Q miles 
in diameter, whofc cube is 496792188000; ihefe are to each 
other as i : 4.9.22. The grcatefl diflance of the Moon from 
the Earth is 256,785 miles, and its lead didance ^^3,211; 
jihcrcfuie its mean didance is 240/00 mUe.s. 
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A third motion of the Earthj^ round the cpm- 
mon centre of Gravity of the Moon and Earth, will 
aft with a power proportionate to the difference of 
this motion with the annual one. 

When the Moon is in her quadratures, the cenr 
tre of Gravity will lie very near the Line of the 
Earth's Orbit ; the deviation from its annual mo- 
tion is confiderably lefs, the centrifugal power is 
proportionably fo, and the Tides at this period are 
the leaft. When the Moon approaches the right 
Line between the Sun and Earth, which Lipe be- 
ing perpendicular to the Earth's Orbit, the com-r 
mon centre of Gravity of the Moon and Earth will 
alfo be perpendicular to the Earth's Orbit ; th? 
centrifugal power .will be the grcateft, and the 
Tides will be Spring Tides or the greateft. 

The Tides^are pbferved to be the greateft at the 
time of the vernal and autumnal equinoxes, at a 
time when the revolution of the Earth round its 
Axis adds its greateft centrifugal power to the mOr 
tion round the centre of the Gravity. 

When the Moon is in the Northern Signs at the 
Equinoxes, then the Tides in pur Latitudes are the 
greateft ; fo with the other fide of the Line, when 
the Moqn is in the Southern Signs. 

Thus it is obferved that the Tides in the Torrid 
Zone are the moft violent, they diminifti in their 
fbrc^e as they approach the Pole. In fevcral parts. 

of 
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of the Northern Ocean are very fmall ; in the Bal- 
tic Sea, in Hudfon's Bay, littfe or none ; while 
the Tides are very high in the Bay of Sunda, M.i- 
lacca, Coaft of China, Japan, Pananna, Bay of 
Bengal, &c. 

■ When the Earth is at the Solftices, viz. about 
the 2 1 (I of June and the 24th of December, the 
Tides are the leaft, inftead of the motions of the 
* Earth coinciding with the motion round the cen- 
tre of Gravity, here are the mod oblique, thei-efore 
the centrifugal power is the lead. 

As the motion of the Moon is from Eaft to Weft, 
Waters which flow in this direction will have the 
greateft Tides ; if they flow from Weft to Eaft, the 
oppofite motion is proportionably counteradled, as 
in the Mediterranean the Sea flows from Weft to 
Eaft, hence little or no Tide. 

The Moon in hbr Apogaeum is near 24000 miles 

more remote from the Earth than at another, hence 

the common centre of Gravity becon>es two or 

three hundred miles more removed from the Earth, 

anci when this coincides with the New and Full 

Moon, will make a variation in the Tides. 

^^ So alfo the Earth in different parts of her Orbit 

has different degrees of velocity, which alfo require 

to be taken into confideration.* 

Fixei 

"^ When the Moon is in the Syzygia, i. c, the Line which 
joins the centres of the Earth and Sun, ihe has a fwifter 
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Fixed Stars. 

.The fix^d Stars are diftinguilhed from thcPla^ 
nets by their never changing their relative fituation, 
and their feint illai ion*. To diftingui(h the Stars 
with regard to their fituation, the ancients divided 
them into Conftellations, digefting them into the 
forms of fuch animals, &c, which are delineated 
upon the Cclefti?il Globe, 

As the ancients had obferved that the Planetii 
moved in Orbits which formed fpall angles with 

motion round the Earth ; but in the Quadratures (he goes 
{lower. The Moon, hke all the other Planets, moves in 
Jillipfe, one of whoTe centres is the Earth, as (he defcribes 
Areas proportional to the times, the motion of the Moon ^ 
muft be quickefl: in Perigeon, and floweft in Apogeon. 

The limits of an Analyfis will not allow to explain all 
ihefe circumftances, fo far as they influence the Tides, which 
foon will be more largely treated of in a Work nearly ar- 
ranged for the Prefs, 

!* Scintillation of the Starsis mofl in thofe Stars which are 
nearefl the Horizon, feems to be produced by the intercepting 
particles of duft floating in the Air. If a fmall flat piece of 
glafs, about the fize of ^ filver penny, be laid upon the 
ground, between the obferver an4 the Sun, with the plane 
of it a little declining from the Sun; vvhen ^bout 30 or 40 
yards from it, the image of the Sun refle£led from it appears 
' bright and fteady ; whtfn 3 or 409 yards, will twinkle in the 
ii^nc manner as the Stars do. 

-the 
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the Ecliptk, one half of their courfe on the North 
fide, the other half on the South fide, never ex- 
ceeding 8 degrees from it ; thefe were diftinguifhed 
by two lefler circles parallel to the Ecliptic, pnc 
on each fide; dividing this fpace into Conftella- 
tions, reprefented by animals, was called Zodiac, 
or Circle of Animals.* 

Number 

* Zodiac. Macrobius firft explained the reafon of the 
Conftellations ; Cancer and Capricorn, thus being called, the 
one emblematical of the retrograde motion of the Crab, the 
other fimilar to the afcending of Goats in their feeding ; 
Aries, Taurus, and.Gemini, the chief attention of the £a{l-> 
em nations were to their Flocks. Gemini, which now is 
reprefented as Caj^or and Pollux, in the Zodiac of the pri« 
mitivc times was reprefented by two Kids* 

Leo reprcfents'thc fcorching heat of the Sun in July ; Vir- 
go fignifies the gleaning Virgin ; Libra the Equinox ; Scor- 
pio charafteriftic of autumnal Difeafes ; Aquarius the rainy 
Seafons; Pifccs, when Fi(h moftin fcafori. 

It has been faid the ancients had only eleven figns, that 
Libra has fince been added. Virgil, in compliment to Julius 
Caefar, a(ks him where he would chufe to fix himfelf in his 
heavenly condition, mentions the Scorpion occupying two 
places, &c. So Ovid, when defcribing the terrified fituation 
of Phaeton, when he arrives at this, part, 

^< £(l Locus, in geminos ubi brachia concavat arcus, 
*' Scorpiofi & Cauda, flexifque utrinque lacertis, 
** Porrigit in fpatium ftgnorum membra duorum." 
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Number of Stars. 

Ptolemy tells us that Hipparchus, the Rhodian, 
enumerated 1026 ; Bayer gave a lilt of 1 160 1 He- 
velius 1888; Flamftead 30OJ Stars; Antonia dc 
Rhcita counted in the Conitellation of Orion above 
2000 Stars. Dr. Herfchel's powerful telefcopc 
difcovered. 44,000 in the fpaceofa few degrees, 
which from proportion fecm to indicate 75 millions 
in the Heavens. 

According to the account of Hevelius, Caflini, 
and others, the Stars are not immutable, fome new 
ones appear and others vanifh. 

The fixed Stars are each Suns, probably illumi-^ 
nating their refpedlive Planets as our Sun : it is 
fuppofed that thefe Suns, attended by all their 
Planets, have a general motion. 

The Diftance of the Fixed Stars. 

The moft confpicuous is Sirius : yet the Earth 
in moving round the Sun is at one time 198 mil- 

Virgil in another part mentions Libra, 

" Libra Die fomnique pares ubi fcccnt boras, 

** Et medium luci aique umbris jam dividct Orbcm." \ 

And Horace mentions them both, 

" Scu Libra, .feu me Scorpius afpicit." 

lions 
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lions of miles nearer than at another, yet the mag- 
nitude of the Star does not appear the leafl: altered. 

To afc(ertain the diftance, Gregory fuppofed Si- 
tIus to be of the fame bignefs with the Sun, aiid 
to have the fame apparent diameter as Jupiter in 
Oppofition. Huygens fays their diameters cannot 
be meafured, as being only luci^ points ; he ^dopt- 
ed another mode, by which he afcertained it to be 
27,664* times farther than the Sun. Caflini's 
method was equally hypothetical, who only made 
it 384 times as far as the Sun. 

This has been more accurately determined by 
the great difcovery of Dr. Bradley, on the Theory of 
the Light's Motion ; his obfervations were made 
on a Star in the Head of Draco to be 10,2 10 times 
greater than the diameter of thi Earth's Orbit, by 
a theory now called by aftronomers 

The Aberration of Light.f 

* Huygens covered one end of a twelve foot empty tube 
with a very thin plate of brafs, wherein he had pierced a 
very fmaU hole, not exceeding the 140th part of an inch, 
which reduced the Sun to i82d part of his whole diameter ; 
he appeared much brighter than Sirius : a fmall globule of 
glafs of the fame fize of the hole was put in, and which re- 
duced it to the i52d part of 18 a, equal to 27,664. 

+ Aberration of Light, Riccioius and others objefting 
to the Copemican fyftem, that if the Eatih moved in an an- 

P 4 nual 



( 2f2 ) 

niial Orbit round the Sun^ there would be a difTcrcnce ob- 
ferved in the meridian altitude pf a fixed S>ar, in the fame 
place of obfervatiort at different feafons, calkd ihe Earth's 
Annua! Parallax, being that angle under which the diameter 
of the Earth's Orbit would be fccn from that Star, if this* 
bore any pro; portion. 

Dr. Hooke, to determine this, direfted his telefcopc, fixed 
in the roof of his houfe, of 36 feet, to the bright Star in the 
Head of Draco, which paflfcih nearly over the vertex of Lon- 
don : the angle he determined lo be 27 or 30 feconds, aboiit 
17,000 times as far off as the Sun. Flamdead found thisin- 
correft : in order to have a fecure building, He fixed the arch' 
of a circle to a ftiong wall at Greenwich, now called the 
Mural Arch, and Found it after 7 years, 40 or 45 feconds. 

The inftrument was no ways accurate. In 1725 Dr. Brad- 
ley made ufe of one made by Graham ; the rcfult of many 
obfervations w?re, that the Star appeared more northerly in 
December than in June, contrary way to what it ought to be 
from the annuat parallax. Dr. Bradley concluded this to a- 
rife from the progreffive motion of Light. This angle he 
found to be about 30 feconds, and which is in proportion to 
the angle at the-Bafe as i to 10.799 > ^^ ^^*^ the. motion of 
Light is fo many times greater than that of our Earth, and 
the diftance of th? Star 10,799 times the diameter of the 
Earth's Orbit, viz. 2033408000060 miles. 
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ADDENDA 



A S the explanation on mechanical principles of 
•^^^ thofe experiments which are generally ad- 
duced to demonftratc the exiftencc of certain ac- 
tive powers, as AttraSfion and Repulfion^ had been 
fully given in a volume of Philofophical Eflays 
lately publiflied; in the Analyfis reference has been 
given to this work : the Author underftands from 
the Printer that there are not many Copies left, on 
which account he has thought proper to tranfcribe 
from the aforementioned work, what peculiarly 
relates to thefe experiments. 

« 

Experiment I. "The tendency of light Bodies float- 
ing on the furface of Water contained in a vcjfel, 
towards the fides of that vejfel. 

When a glafs veffel is nearly filled with water, 
a thin glafs bubble, or a piece of cork, placed on 
the furface, moves with an accelerated force to- 
wards the fide of the veflel. 
. In floating a body which is fpecifically, heavier 
than water, but whofe gravity is not fufficient to 
overcome the combinatory union of the particles 
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of watelr. as a needle fwimming dil wdter, a con- 
trary cfFeft is obfervcd ; the needle avoids the 
fides of the glafs^ and tends' towards the centre. 

If the glafs veffel be filled to the utmoft with 
water, thefe efFeds are reverfed ; the glafs bub- 
ble flies from the edges, and moves y^ith rapidity 
• towards the middle; the floating needle in this 
cafe does not retain its central fituation, but moves 
with an increafing velocity towards the fides. 

In either cafe, a large folid flick of glafs no ways 
influences the bubble or needle, however near ap- 
plied, unlefs the flick touches the water. 

Thefe effedls are the neceflary refults of the 
fluid varying in its height. 

In a half filled glafs, the fluid is highefl in that 
part where it is in contadl with the glafs, and low- 
efl: in the centre ; as bodies fpecifically lighter than 
the fluid on which they float, muft rife to the fu- 
perior part, the cork or glafs bubble will from 
hence approach the fides of the vcflTel, while a nee- 
dle being fpecifically heavier, will defcend to the 
lowefl: part. 

Thus melted lead> when left to cool in a veflel, 
has always a depreflion towards the centre. 

When a glafs is more than filled, the water i;^ 
higheft in the centre, and lowcft toy< ards the edge ; 
in this cafe the fpecifically lighter body will riiove 
towards the centre, and the heavier one towardjl^ 

the circumference. 
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Fluids move in that direAion where they itieet 
with the leaft refiftance i a fluid confined in a veflel 
tending towards the centre of the Earth, meets 
with lefs refiftance in its central portion, than in 
that part where in contact with the folid body, 
which limiting the prcfling acflion of the whole flu- 
id, renders it the higheft in the circumference. 

When a vcflcl is more than filled, the edge of 
the fluid is in contadt with Air, where it meets with 
left refiftance than in its central portion, in this 
cafe the fluid hangs over the edge of the vcflcl, the 
gravity of the fluid not overcoming the combina- 
tory union of the particles of water ; hence the cir- 
cunrferencc will be the loweft. 

\ 

T^he Rife of Fluids in Capillary Tubes. 

When a tube of a fmall bore is immerfed in wa- 
ter, the fluid riles to a certain height above the le- 
vel. If a tube twelve inches long, and whofe bore 
does not exceed the twentieth part of an inch, be 
divided into twelve parts, when one part is im- 
merfed in the fluid, the water rifes near one inch 
and a half in the tube above the level ; when two 
parts of the tube arc immerfed, the afcent is about 
One inch and a quarter ; when three parts arc im- 
merfed, the difference is ftill lefs ; when ten parrs 
are immerfed,. the rife is not more than a quarter 
of an inch ; when the whole tube is immerfed, the 

afcent is nothing. 
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tf the fides of the tube caufed the fluid to riTe 
by virtue of any attractive power, why (hould there 
be this gradation in the afcent of the fluid ? 

Thefe efFeifts arife from the different elafticity of 
the Ail* ; the elafticity of the Air is always a coun- 
tei^dling balance to the general prefliire of the At- 
mofphcre : as a diftended bladder preferves its dif- 
tenfion^ becaufc the elafticity of the included Air is 
equal to the prefTure externally* As the elafticity 
of the Arr is the acflion and readion of its conftitu- 
cnt particles in a minute column, there cannot be 
the fame elafticity as in the furrounding unconfined 
Air. When the tube is immerfed in the watej;, the 
preflTure of the outer Air will caufc the water to rife ; 
when the tube has more of its parts immerfed, then 
the afcent is not fo great, becaufc the Ail- in the 
tube out of the water being nearer the Atmofpheric 
mafs, necelferily increafes in its elafticity, and pro- 
portionably refifts the rife of the water ; this refift- 
ance increafes the lefs portion of the tube there is 
out of the water, till ultimately the refiftance is 
equal to the atmofpheric prefliire. 

A fluid will rife to a certain degree, when the 
upper end of the tube is not open ; alfo an eledrical 
fpark will Ih-ike a conducfling body at a greater dif- 
tance thro' a fmall tube, than thro* the open Air. 

It may bcobjedled to this, that the fluid will rife 
in tubes placed within an exhauftcd receiver; in 
the impcrfedl manner a receiver is exhaufted, the 
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ratio of the elafticity bf the Air in the tube to that 
of the receiver will be the fame as above. 

The Force with which two polijhed leaden 

Heviifpheres cohere. 

When two poliQied leaden, or other foft me- 
tallic Hemifpheres are rubbed together with a ro* 
Itary motion, they cohere with fuch power as to 
require a weight for their feparation confiderabl/ 
more than what would be requifite for thp fepara- 
tion of cxhaufted Magdebourg Hemifpheres of the 
fame (Jjsef, Two leaden Hemifpheres, of about an 
inch and a quarter in diameter, will require 1501b. 
fo feparate them. 

When the planes are placed upon each other, and. 
preffed with ever fo great a weight, there is np co- 
hefion produced, No fuch efFed is induced by the 
application in any mode of brafs or iron Hemif. 
pheres. When a leaden Hemifphere is examined 
after the cphefion has been produced, the furfacc 
appears covered with fpiral lines and ridges, where 
particles of the lead are raifed up. 

From this circumftance the power with whicfi 
they unite is ea^ly explaiped. 

Thereyerfc rotary motion round the axis of eacli 
FJemifphere raifes up on each plane particles of the 
lead in contrary diredions, fo that all the particle$ 
of the one being locked writh thofe of the otfier, 
wil)/ rcfift feparation in proportion to the number 
pf particles thus entangled. Hpwcver ftrong the 

Hemif- 
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Hemifpheres arc united, they do not in the leafl re- 
fin the fame rotiiry motion which induced the union. 
When the Hemifpheres.havc thus Iieen ufcd two or 
three times, thp furfaces become fo irregular, that no 
union can be induced till the Surfaces are fcraped. 

Thefe circumftances, which have been adduced 
as proofs of the exiftence of certain powers, are re- 
ducible to pure mechanical principles; fo alfo 
Gravitation, Optics, Eleftricity, and the Dodrinc 
of the Tides, have been fimilarly explained in the 
foregoing Analyfis, as cppioufly as the limits pf 
fuch outlines will J^dmif. Thefe Poners^ as well 
as the nature qf a VofUum^ the Author has pre- 
fumed to reje<5l if) this Syftem of Philofophy ; he 
is in hopes that the ground- work will be clear and 
pvidcnt, whien the fundamental principles are cog- 
nizable to ?very mind. When he firft cpmmencecj 
the ftudy of philofophy, he found himfelf embaf- 
rafled by cropd§ oi Powers, atberiai Aimpjph^res^ 
attraaive ^nd repulftve Injluences, &c. not bc^ng 
enabled to conceive their exilipnce, he felt himfelf 
difcouraged in his purfuits, and attributed to his 
own inability, what he now find§ incomprehenfib|c 
to all. 

If by any exertions of his the ftudy of Philofo- 
phy ftiould any ways be facilitated, if by any ex- 
planation he has attempted, the fundamental prin- 
ciple^ fhould be eaficr comprehended, hispurpofc 

will be fully anfwered. 
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ELECTRICITY. 



The Eflay on Elcdlricity has been publifticd fomc 
time ; as it contains the outlines of the Ledurcs on 
this Branch of Natural Philofophy, it has been 
thought advifeablc to annex it to the Analyfis in- 
(lead of reprinting it. In additional confirmation 
of the Theory there advanced, the Author begs , 
leave to add the following remarks. 

Pith balls placed under a receiver cxhaufted of 
Air to its greateft degree, do not diverge on the 
application of Electricity. 

In condenfing Air, in an infulated brafs ball on 
which are fufpended two pith balls, on the firft 
condenfation the balls diverge with pofitive Elec- 
tricity ; on continuing the condenfation, caloric 
is then given put : when the Air is difengaged, the. 
balls diverge with negative Ellcdricity, Caloric 
is abflradted from furrounding bodies, a cpnlideT 
rable degree of cold is induced. 

Alighted taper placed between two balls of 
an univerfal difcharger, the flame will be in anop^ 
pofite direction to that ball which communicate^ 
with the pofitive fide of the Leyden Jar. 

A Leyden Phial placed under an exhaufted rc^ 
ceivcr cannot be charged ; even when charged, as[ 
the exhauftion goes on, the Eledricity equalizes it- 
felf! When twp Atmofphercs are condenfed intq 

the 
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the fpace of oi>c Atmofpher^, the charge of the 
-. Leyden Phial is proportionally increafed, 

Cuthbertfon's Eledrometer, in its adion fin)ilar" 
to Brooks, in the form of a balance, theendcom- 
inunicatihg with the pofitivje llde of the Jar a few 
, grains heavier than the other arm, underneath which 
is placed a Aiding rod with a ball, communicating 
to the negative fide. The intenfity of the charge 
wiil be meafured by the diftance between th.e ball 
of the Aiding rod ancj the ball of that arm of the ba- 
lance which is not connedled with the pofitive fidg 
of the Jar. 

As the Jar is charging, the |?^lance participates 
of the intenfity ; in this ftate poflefles more thar> 
the furrounding^ Air, the Air ad:ed upon by this 
furcharge, reads on fhe ball ; that portion of Air 
between the two balls reads lefs than the Air above 
the ball, owing jp the adion of the Elect ricity iii 
the balance, caufing the Air placed between it and 
the ball of the Aiding rod to unload itfelf of an adc- 
quate quantity of Eledricity ; fe that the readion 
of the Air above the ball being greater than from 
that below, the ball is prefled downwards, and the 
difcharge takes place. As'the refif^ce to over- 
come is in proportion to the diftance, this become^ 
a meafurc of the intenfity. 
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VO ThK pf-iifthtage fe f)eculiiarly dirtinguiiked 
fbt- hfikluity and aticUfacy of refearch into 
thfe laVi^s of li^tMttj aiid by ttie general 
. atlerttlbli which the fUbjedt has excited. 

i CArSIED aldftg by the iftream, t have 

^ Ibeert fottifetiftidi draWfi Irito thefe inquine^^ 

I told without aihilhg at al compleaf acquaint- 

^ untc with evej'y brdllch 6f the fcience, have 

ytt endeavoured to acquire a comj[tetent 

knowledge of the leading fafts proved, and 

the inferences drawn from them, in hopes 

to Cdnfvfty to my ovfrh mind a general view 

(>t the fyft^to of nature. 

"V^iTH tlrij purftofd f began to confider 
tbt 6atufe and ajSfkrfi of Heat:, which feems' 
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to be at prefent theleaft underftood of any 
equally important branch of natural know* 
ledge ; but with all the affiftance of the very 
^ble difquifitions upon the (iibjedy I could 
fcarcely perceive any thing like a general 
plan in its operations. Knowing that few 
men can think with accuracy, until by com-^ 
mitting their ideas to paper, they analyze 
and concentrate them, I fat down to exa- 
mine by that teft the opinions which I had 
formed. I found the efFefls difproportioned 
to the apparent caufe; and accordingly 
looked around for fbme other agent to whofe 
miniftry I might afcribe her works ; for the 
powers of nature, like her produdions, ne- 
ver appear folitary. All her fprings are 
combined in aftion, to produce that har- 
mony which blends into unilbn her varied 
works. 

» 
X-iTTLE difficulty occxirred in the fcarch. 
Every thing pointed out eleftricity as the 
aftiye power to whofe exertions, in combi- 
nation with thofe of heat, all thefe elFedls 
are afcribable. The fame chain of inquiry 

led 
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led me to examine the comiexion between, 
theie two forces, and between them and 
their common relation, light. I have* given 
the reafbns which induce me to believe, 
that they are three appearances of the fame 
fubfhmce* 

■ 

DiscussioNis always beneficial to fcience, 
and the fiibjeft of this Effay is fo intimately 
conne£led with the firft principles of natural 
knowledge, that any new fuggeftion upon 
it, if fiipported by an appearance of reafbn, 
cannot be wholly unworthy of notice. I 
am therefore induced to fubmit my ipecu- 
lations to the public eye, that they may un* 
dergo the examination of others more able 
than myfelf to judge of their value, to ap» 
prove or to condemn them. 

The order and arrangement of the diffe- 
rent matters difcuffed, might, perhaps, have 
been more methodical : but I am not anx- 
ious to have it believed, that at the firft 
view I perceived all the conclufions into 
which I was afterwards drawn; and I thought 

it 
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it would bb more clear ani3 fktisfac^ory, . ta 
exhibit the chain of my inqpineS in the or- 
^er in which they occurred to me, that 
the fatfae doubts may fuggeft to others the 
£uxie exf^nation* This is not a treatife to 
arrange and elucidate known do£lrines ; k 
is a Ipeculative eflay. 

Perhaps the cifctrmftances un(Jer which 
thefe Sheets were compofed, may . afford 

4 

&>aic claim to indulgence for any errors 
they may be found to contain. They sire 
the produce of the few leifure months 
which were given me after abandoning the 
a£live cxercife of my profeffion at home, 
until I was able to fefume it here ; they 
were compofed principally at fea, where t 
had neither fufficient books to refbrt to, nox^ 
the converfation of philofophical friendis to 
correS my miftakes. 

If the phaenomena which have given rife 

to the reflexions contained in this eflav, can 

be better explained by any other chain of 

reafoning; or if,^ when canvafTed by fuperior 

5 talents 
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Jtalents and learning, objeftions, hid from my 
eyes, fhall be difcovered, I ihall ftill recol- 
left, with fatisfa6lion, that I have exerted 
my abilities, fuch as they are, towards 
advancing our knowledge of nature. . In a 
purfliit fo alluring, and fo interefting, our 
labour is its own reward. 
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' HE AT, ' 

E L 5 C t R I C I T y, ANi> LIGHT. 



TTPON obferving the texture of any 
: . foKd b0dy^ it appears to iis fcarcdy 
to . be . acGomited for^ that by any change 
within iitfeif, its particles fhcnild aflume the 
liquid form, or afterwards : the gazeous or 
vaporous* Thcfe dianges are produced by 
incrcafc of heat ; by what procels are the/ 
effbased \ 

Solid bodies fecm td be hdd .together 
in that ftate by different caufes. Of thefe, 
^he pi^ncipal are the mutual attra£lion and 
adaptation of tl\e particles, wKidh- prevent 
any one from: being moved without violent 
. ' B fridlion 
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ftlBion againft thofe adjoining. Secondary 
cauies of the compaA ibrm of the body are^ 
the attradkHi of coh^on, t\» prefTure of 
the atmofphere or furroundiiig obje6ls, and 
it$ own gravitation. Upon its afiuming 
the liquid ibtte^ the two fonfner cauies are 
evidently overconoie by fome fiiperior force. 
The particles are no longer held in clofe 
and firm contact ; but the latter caufes ftill 
retain them in one body, and prevent them 
from rifing into vapor. ' After this change 
f^a/sy no kciger preicnt aoy mutual obfiruor 
tiiui, but glide eafily paft each ather^ without 
fri£kioQ or colliibn j at the fame time the 
letnperatiire is diminiihed, or heat appears 
to be abforbedy and the capaeky of the body 
for heat is proportiQiiaUy incneafed^ Theie 
^St&s being produced by the mere addi% 
tion of heat, the explanatic»i of the proceft 
and means employed rnuft be fought in the 
itfiiure of that fubftance^ 
* • ■ • 

Ths prevalent theory upon the ifubjefi: 

it this, that heat^ or caloric, is a fluid, highly 

fdaitic, JcQown only in combmatioiu The 

: I - proper* 
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proportiioes in which k e^tPi int^ th^ 
compoftim of bodies at the faoic traflporar^ 
ture aie iofinit^y Yarious,^ snecor^iog t» thf^ 
different admiflion which each body jwe^ 
fents to it from the conformation or poiitiqn 
«f its fmrticka. As %ht w61y pcijcrtriites 
through^ and finda pores in the h)iifdeft fiidjh 
ftancest while tiwny of ^« tw><^ lopfi? w 
texture repel its entrance, ib ho^t^ inti* 
mately conne^kd with light, fiwfc for itfelf 
pores orctetrnnceSf the fize and ni^mber oC 
which can <>»ly be g^eflfed 9t from thc^ ef^ 
fe6fc The temperature! iflArJcs the deiQiity 
or comprcflkm of the heat in tbo^ pores 
which are piefeAtdd for its adoiiiSon. If 
by a change in the form or pofition 0f the 
particWsy thoie pore» are cnhrged or mul^ 
tipHed, the l!em|)eratnre or coinprefliOQ i>i 
the beat nuift be dimmifhed } and as there 
is more Ipace for the whole heat» it wUl 
require a greater addition to raifc it to«ny 
given increaie of teroperatttre or compref- 
fion ; that is, the capacity for be*t muft 
be increaied* Therefore, when a change 
of capacity and temperature takes pjace, 

B 2 the 
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the caufe is looked for in fomething which 
has altered the form or pofition of the par^ 
tides, fo as to open more Ipacc for the 

heat. / 

> • • 

* The pofition or form of the particles of 
bodies while folid, is fuppofed to refift the ad- 
miflfion of the he&t into many of thofe pores 
which it otherwife might fill. Heat, confi- 
der^d as an elaftic fiibftance, muft acquire 
additional elaftic force by an addition of 
quantity in the fame (pace. When accumu- 
lated to a certain degree, it is fuppofed to 
have overcome the cohefion of the particles, 
of the body, and changed their pofition, fo as 
to gain admiffion into fpace or pores before 
fhut againft it. Thus th^ temperature or 
compreflHon of the heat muft be diminifhed, 
and the capacity increafed. The fluidity 
of the mafs is accounted for, by afluming 
that the pores newly opened, are thofe 
which intervene between the particles of 
the body ; {o that each particle, minute be- 
yond the perception of our fenfes, enveloped 
in its coat of heat, glides through the 

others 
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others withopt . a . poflibUi|:y of touching 
th«m>i or ,mcetiog withfj»py obArudliop ia- 
its paflage. 






. We obferve tha* bM bodies^ in laflSjoiing 
the folid .ilaite, cryftftlKae into: rcgukr 
figures. This can only be accounted 'for 
by fuppofing that the particles, from fome 
ibrt of ^olar ailitl'^di^n^ between their ^r- 
i^lpo^diug extremities, are led i td . afl^ipae. 
thof^' foifJUs- Heat^.in |)foduo«ig ^0% 
certainly affe<Sls the; 'pol$i^ity oC thep^rtigl^sj 
for We find their ppfition, fpr ]t?anfi)3,ifiioi\ 
of light ito^di 0/ • electricity Sjaat^iallji 
chmiged byJt^ We.tjiay therefprp . rpafon-j 
ably infer that; the efF^iSl of fufion, is ; pro- 
duced by deftrpying .thttpo^rityi .or attr^c* 
tion of the ccorrefponding ^ytremitife^ of the 
particles, which gives jEhem the confiflent 
appearance of foUdity* '.: ' : \ , j-- 

The increafe of fize of bodiei :by heat^ 
without change of form or of capacity, is 
not fb eafily explained. The heat ftrug- 
gliog to enlarge its {pace, has in fad in- 

B 3 creafed 



f « ] 

C3«8fed ihe hvXIt mf Idbe mafi? yet its aoom*^ 
pKfi^orlteAptti«ttteis9Mitidiniin(I^ ' 

« « • 

The increafe of bulk of water by coldr 
at idigiit •degree 4slK>yigr tbe f^Of»itlg jKiint, 
D^ten^ tkb phenoiA^Mi add inctu&s 1^ 

Ai^ c^ule which ^iktilAMMt^ ifie tb*^ 

«^i^oii>«fhettt<ikiprQl«dtiig£tifitM. thus 
if t<^iit)cK^ sfir/& MiiifM; litfribg %< ]ftM>ttg 

Aihftin^ ^e ip<>h4live>foitte> ^-liie -'particltn 
of «&di4 ^iiJCC«Q^iagly Yh« bext«iti«fiitiii$ <«^ 

Mved tith&r ho4^ &^eil«t9lf ^ S«c^ is Jiii. 
pefed to %6 Jdie |i«^c«i6^^ %ke ii)i3lftui>e 4rff 
ice or water*vrith<-lall^V«R&l«tit9Dj3'^i««>^ 
tals in acids ; of earths-^ together, or vnth. 
atadseralodki^-; 4iAi -^aet^xki^iCAittioas 
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^ Min {qom bodiM in combiftsitioii ex&ibk 
the oppofite effb^« JAota^ in fafwix cqm«- 
bining with gas oxygen, the fluidity of both 
is: de^oyedb Minjr affift ea(zh othen in 
liHfib% which ieem to have no.teoadency to 
iiaibt in any fttite } as metaUic ores, and their 
Aobtos* Theie c6ntradi6lory appearances 
feeitt j^^mrcdy capable of a common cxpfai^ 
flHitidti from any known foalitiet oi heit 

^ Tkis iieJRt great change prodnced in W 
dies Hif iiicfGH^ of temperature^ is evapora* 
lidh^ or volitittfisatidn. When the heat in^ 
UffletfeA betwcM the particle$ is iur&er 
increafed ao«t condenfoi^ it is confidered as 
making new efforts to enlarge its bounds^ 
The bocfy is ftiQ held together by the at« 
tra^ioa of cohefioni tha preflure of fur* 
roundii^ bodies, and its own gravitation. 
Hie particles below the furface are alfo 
pre0ed by the weight of thofe above them 
m the fivttd aiadk^ When by increafed con^ 
^eniation, the heat has acouired fufficient 

B4 ^ claftic 
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:elaftk:'£»Fce. toiovexcxme. Jlii6iejibib(dti^ it 
•azpatiffk. the fbody ii&to vapot^j :.t : * : If 

t i Im this operation; the jbkAt loiift bd jtoa* 
iiderediiaahyrurg ieithcur. |)eiictrabe^:dat0 
jiqw .por^ of tbie< bod}^^^ pr^diflcnded liiafe 
it ^ befcn-e filloL. . Tfac: ibrotcri iVippofilMlk 
«x»ida:beft iwiitb t]»e'ebci>lMia^R;glvfiac9f 
^icbange fforoi thfl^^folid tSx^hff.AC|i4i^tf^ 
It may thence be inferred, that this ^(Ntii 
tranfition is efFefted by another change of 
pofitioilof tb<; jpartipk^^Qr jfrther: by:A «!4*re 

miaote diyifion, of th^gti^^.^fi.^cbsMJgjjbtf 
the relativie pofition qf |bg (jawpioneiil; p^M^ 
^i thole larger ipftr^icles; wlwpb:y)&ilfokw^«t 
JtbcXraalleft divifions^ pf ?bfrb*^ *«^ '^ /^r .^ 

; As. ey^poiatioiv t^^ pl^cei wfegi ^ thli 

elafticUy oftfetpceti^epfea heat is^fuffieicat 

. * The application . of^ chStxicltj to. fluids hai^ ri|* 
efFeft of perceptibly fubdividing the particles j a further 
diarge volatilises the botf^'.' 1- ihall' have occafiOiT afteri 
vmds to fhew how^neafljr thefe .effeds of isSeArkiB^ 
are connedled with thpfe ffiparently j)7oduccd by. he^ 
alone. * 

*• ' > to 
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*toiiI>«^at«»,«iiS,aoio«i|,#y pro- 
portioaed to it. Sothej atittlt^ix c# o^^ 
lubAaQces, by diminiihing the internal co- 
hefion of the body, may facilitate the opera- 
tions of the Heat/ Tiitis watef is taken up 
;i«^gje^t gyaatjj;i^s bjf ,atni(jfpji^ air at any 
tQmperatyr^. Xhis appearance exa6lly cor- 
rc,l^Qndfi with^the folutiop of .-iblids iii fluid 
jpap^lkijja.. J;i both cafes the i^ame changes 
of . ampacity and pf temperature are per- 
,jCfiive(^^.ja5^whei> the effeds ^'r^fe from heat 
al^r^e. ^yfj^^^i^ thArefore, to ^conclude, that 
^ti^ fan^Q, caiiie, 'heat, produces the change 
i|i,dl tbe ,caf??3 and that the attraftiop 
pf the ^ njiguflr uum has no other efFeft than 
jtp.coiinteraft thp internal cohefibn of the 

particles, which r^fifted the operation of tne 
K^at. ; . 

Such I believe to be nearly the outline 
jof the prefent received theory of the nature 

and 
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eeflary r«(UIt «f 4i« opoAdH^' Aittiidtd^^^iifi 
t^ appftrenc (^, ^UK tfa«fe chauf^s-lfi 
bddies are tiMi< 'effisd»- 4f this p«^r:id<iiw. 
i prooetid to tnveftig^Ctt clie 'detaS «iui>caiih 
^ue aees of tl^ iyAtAi, .,<•: 
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It feems to be eftablifhed, that every 
T)ody, while it retains the fame form, 
whether foUd or fluid, has Its capacity bhJ- 
form ; and the theory of heat fuppofes that 
increafe of capacity upon a change of fornrf, 
arifes from the inCreafed fyzct opened for 
the a^miflion of the heat. From this 1 was 
at firft led to expe6t that the ipace requifitfe 
for the body, upon the change to the ga^e- 
cus form, mufl bear a very near proportion 
to the new Ipace opened for the heat, or ih 
other words, to the increale of capacity* 
For as the particles of matter are incapable 
of filling more or lefs than a certain fpace^ 
and as the only body apparently interpofed 
is the heat, it would feem to follow, twtt 

the 
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tbe wh0k *6f the iocKa&d ^ate'muftjbc 
filka^vH«h t^ fliudv So it fmglaq)e fiip^^ 
puSoi that in two^gfiaeoBS' bodifs at ^m 
fimsb t^ttipenatufe,^ aod of the izam btdk^ 
thei ablbhkte heat iadk he- ceqpnoaHy as 
fefattif weii^4 for the (denfoj of the hieat 
and the xi^hoie (pace heiog eipiai, the ieis 
of that ipace is £Ued u^ith tAor hodyv the 
mcjre mult be occupied bjtheiifeat^ ; Uftm 
coniidering the faft^ I was a(hifu£sed to fioid 
how far tbefe cojiclufions are wide of the 

truth; . 

* . ' • • •« 
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Isr die boiling of water^ tiift fteam h 
found to^QCCUf^^ at that tetnperatore^ about 
i^QO times is^re .ipace thaa the water: 
but the. v^hole inqreafe of abfolute heat ia 
about pn,e7thit4.; which being of the iame 
denfky, cjmnot occopy that proporticm of 
^dd^ional fpace. When a cdbic inch d£ 
waiter is evaporated ib as to occupy iSpb 
cubic inches of Ipace, lefs thaii i^ inches a» 
alone filled with the bqdy apd heat ; there 
remain 1 7984- cubic inclies to be account- 
ed for, . . . 

By 
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' list what/ is thk coorn^us Jpaii%:ocQi(4' 

pied ? TiJotiby theidxpaiafioii?Qfleither oElHd 
fubfbuices, > the gazeons hqdy or the li^i| 
£ich enJar^eaasnt ^ would be cont^ar}C to^atl 
our idMS of: the principles of. tiiatter* :;,Th« 
heat in pavtictiiar . beiiig of the ffitm Hm^ 
pefature iir rdcnfitvj has :of)t|be$aJcxpfti|di5d j 
the diAentoMa: of the jtofs ; luuil th w^fow 
arife :froin; icime rejiulfivp; ppwet jexiftiogift 
fch& cdifap«miwil*. . ' . ^i ;? ^ • \ 






TriAT repulfion inuft either xtfi^ 
in the body or in the heat; or it muft 
Ipring from: ibme other fouiFce. ).Tho |aft 
appdirs toi.me ta be. the moft .probable 

conclufioa; I afcribe the , e,ffe6l tp eleftri- 

• • • » . . 

city* • :. •,. . 

HilAT does not in 'any cafe Ihew d. re- 
pulfive- power, \yhich" cannot be clearly 
traced to its well kaown property of exr 
citing .ele6lricit v.. 

9 • . 

Thegazeous bodyvf^p&rated by the elaf- 
tic force of the heat, may be fuppofed to 

exert 



c 
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exert a repulfive powei' from the fuperficics 
of each particle ; for it is clear, that no 
two particles in the cloieft body are ever iu 
abfolute contaS ; but are only held togc* 
ther at a certain approximation, within 
which their mutual repulfion prevents them 
from encroaching. This repulfion, increaf- 
ed by, the heat, "may he fuppofed to pro- , 
duce the effc^ of evaporation. But what 
IB this repulfion ? It is clear that every body» 
aud every particle of it, contains a portion 
of eledricity ; and as the powers of attrac- 
tion and repulfion are found much more 
ftrongly in this than in any other fubfi:ance, 
it is more confonant to the rules of .philo- 
fophy to afcribc to it the whole of thofe 
efFefts, if poflible, than to give the denfer 
body a feparate attraftive and repulfive 
power, befides that which its eletSlricity 
communicates. The leaft change in the 
eleftricity of the body materially afFefts the 
attraftive and rdpulfive tendencies of the 
Oiafs ; they mufi: therefore be confidered as 
fifing wholly frpm this caufe. 



To 
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To give tius propofitioh' its prbpcf 
illttigth^ and to diicover its cxinfeqxteixce% 
it will be uecel&ry bere to mention fa mt>ch 
of the known fafb, or projbstble dedudions^ 
concerning:^ the nature; of de&rical attrac-* 
tions^ as applies to mj prefent purpo&. 

' Bo Bi Es filled with fiimlar cle6hricity re** 
pelieadh other; oppofitcly electrified, they 
^re mtitiially dittradive^. Soitx bodies 

. * It &eim uniie^eilary here to infuice at kngth iota 
the caufes^of thefe feveral phsenomena of ele£lricity« 
Perhaps ttiey are in truth only different d ireions of 
the itk^ force. Thus we may eonfi<)er the creation z$ 
baEfltg fified with two dedlrica^ luids attraAivc to each 
otber^ uA ll^reiore producing attr^ion m the bodiea 
i^liich they occupy ^ or^ according to the Fraakliniao 
tlieory, with one fluid, whoie tendency to equal difper* 
Hon produces the feme attra(&ion in bodies unequally >,^ 

filled vilh it. When a body U equaHy attraAed on ah 
fides, it will appear to lie at reft, or in the equSibrium 
ofeleSricity. When two bodies, by being differently 
iupplied with ele6hicity, have a ftronger mutual attrac- 
tton than' cithfer ha^ ifor the furrounding objeds, they 
wilt ihew this p6#er in motkm or adKve ejiertton.- 
Where two bodies arc in an ele^cal ftate more nearly 
^ fimilar, 



/' 
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are Ibond to have in a very great de^e^ 
probably til pof&& more or leis^-the power 
Qf icparating the eledkricities into vitreous 
and refinoust or pofitivc and negative divi« 
£ons. Thus a white and a bh|ck iiik ibck« 
ii^ or ribbon^ clofely prefied together^ be^ 
come appoCjXeiy eledh'ical^ and of courfe 
mutually attcadlive. The toprmalio^^and 
many other bodies, when heated, analize 
the ele£tricities in the fafiae manner/ If 
the minuteft fragment of a tourmalin be 
taken, it has its pofitive and negative fide ; 
§^ if two or ten thoufand particles of iilk, 
white and black/of fimilar texture with 
the ^[lockings, were mixed and laid alter «" 
oately in the fame ck>fenef&, every contigu* 
oos black and white particle would ana- 
li2e the ekdfa-icity, and become mutually 
attraftivej of coude the ma& miift cohere. 

In fuch a mafs however, as the difierent 

• / * 

fimilar, and become therefore ]e& attnbfiive mutuallyi^ 
than either is to the objects around9 the attnu^ioaof thefe 
olsjeds being no longer coonterafted by an equal Ibrce, 
bttomet a(Skm in d^ ^reAiMi tffpdiif ta fht tbody 
which haa ceafed «^ attad^ an^ vriiicbiivtt tbmfaro 
fecm to C9cert an adive repulflve force* 

particles 






particles are equally . diiper&d^ ttdd: preletit^ 
cd in equal numbers to externarobjeds, thq 
whole muft appear in the jcon^pibn equili«» 
brium of elefiricity. This ieeins to me to 
be nearly the prbcefs .of attradion! between, 
the particles, lor the correlpgndingi extre** 
mities.of ihp parjficlcs o£bodiies^ whiph gives^ 
th«ij the. cdiiefiott of folidity* : : 

• • • 

T»E excitation of elfiftrics?;Jby.fri6liott 
fotnjs to arift : from, the fame "^ctfiafe. ; ' the 
^w6 bodies; tend, to divide the cle^lricitiies 
|?etwe,en tb«m, but this tendency is jooft 
fufficiently ftf oi>g to produce anyf powerfui* 
efFe<5ts> unl^fs by fridion a greater pro-# 
portion of.tljeir fupet^ficiftl. particles' are 
brought fucceffiyely into-. c*)nta<3.. The 
eleftf icities thus feparated n)&y be conveyed 
to other bodies, and charge then).- 

There is this difference, however, be- 

« * • * 

tween the mutual attradion of bodies dif-^ 
ferently eleftrified by external caufes, fric-^ 
tiop, 0% coipQiunicated electricity, jand that 
of two particles or bodies, which tend to 

• • • . . ' arializc 
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inatyn that ibid* In the fbraqtet the attt'acH 
tton ari&s from the tendency to coihmuhi-t 
cate eleflricityt to reftore the equiiibrinm : 
trhen that is effeded the attrai^lon cea&si 
But this two {lockings are attra6£ve by 
thdu- tendency to deflroy the eqiiilibritim^ 
It is evident, that this attra&ion is niot com^ 
pUat; it is only a tendency to keep tho 
bodies ib near as to analyze and fepftriUe 
Ae eledhicities* Compleat and perfect 
union is inconfiftent with this tendency^ 
and therefore attraction and repulfion ard 
both neceflary to it. This I take to be thd 
cau& of elaflicity in iblid bodies^ aiid the 
origin of that repulfion which prevents their 
particles from coming into contad. When^ 
therefore^ I perceive this repulfion increafed^ 
ib as to diftend the body into yapor, I con-^ 
elude that it arifcs from elc^ricity, the 
a£live caufe of the repulfion^ not from any 
afiefiion of the paffiveaiid inert particles of 
the groffcr body. 

Wb find that heat has the moft power- 
ful cfie£);s in altering the de^jcal fbte df 

C bodies. 



bbdite; AU are chahgc^ by it, habno fixcA 
principle can: yet be tnlcediu>it& operations; 
The : fame temperature feledtrifies fomo 
bodies pofitivdly, {otnt negatively, ibmc.it 
leaves in the equilibrium* : Bodies .which 
do not otherwifo fhow any ftroagleleftrical 
habits, become powerful ele6bic$ by heat ; 
others, which in a moderate^ temperatttfer 
ejcbibit flrongly thofe afFe6tions^ are brought 
by great refrigeration, or exceffive heat^ to 
the common level. Thefe changes fmuft 
be : produced by an alteration in the diflxin 
biition of the eleiStricity in .the particles of 
each' bod>% But fuch an alteration may 
alfo take place' without any external elec- 
trical! < appcarancei provided . the . whole 
quantity of ele^city prefented , to othei 
objedfs continue, the .fame. . . .: . : v i 



; .i 



'■ It is fcme internal change in the di^ri- 
bution of eled:ricity in bodies, which brings - 
them to the gafeous ftate. . In place of that 
electrical inequality of the particles by 
which they were retained in bohcfive foll- 
dity, they bccaino. fimilarly jelofbricaly and 
i L^ therefore 
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t 

ther^^e repujfivc. Probably each par-» 
tide, having before a pofitive, a uegativa 
electrical extremity, now arranges the twp 
ele^lripities di^reiitly, inclofipg the o»q 
within it, and being incircled by the other. 
The iiirfaces of all the particles becomfei 
thu^ finiilarly ele^rical/ and exhibit that 

ropulfio^ which is found to exift betweda 

• «. ». 

them in evaporation. 

. As heat produces evaporation throiigh 
the medium and by the force of eledricity* 
th^ latter pdwer, when excited by any 
other caufe, muft have the iame efie£l. 
Ele6lricity evaporates fluids* 

In retracing the ^Ie6ls Vipon the bodies 
apparently produced by heat alone, we may 
Qlearly diftinguiih this principle of ele6lri« 
city materially a6live in each* Fluidity re* 
q\iir^ fufficient repuliipn to prevent the 
particles from touching, or tending to co* 
aleice. ' Probably the fame arrangement of 
ele6bicity, which, when ftronger, produces 
evaporation, takes place in nQn*ela;(lic fluids^ 

C z • eacji 



cack pjtriide feparatirig the el6^kkl€Ji 

* 

bcJtween its exferhafcl and internal cx>atsi 
The mutuil reptilfion ai^ifing from thi^ 
tthd^iicy, p*efent& a more pf^obablfe ^ipla- 
ii«i4n ^ fluidity^ or of the free piflkge of 
^ |>artfelw Witbwt cSlitfioBi thdh <ii* 
ft>terpo(itiohr df <ilal€^, which is fi6l *th*W 
#ife proved to biv^ftieb #cpijMive powef* - 
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The particles of fluid bodies have very 
fefebly^ if At all^ the power Of infofSdily ifedm- 
Mlmiicating heat ; if noCbiiig but hetft W«Ti 
ihterpofed between them^ Wli^ fho^W tiol 
its tranfiriiffion be fre^ ? 

To the fame principle we may trace the 
efeflfiVe attrttSHdiisr of feeferogeneous bodies. 
They af efemnd fobe ta^th ^&eA by iHth^ 
peraturfe, dhd therefore feefn to lk)W frwiv 
the various effefts of Ihe he*t on the leveral 
eleftrical habits. If the totiri^alin is hekt** 
eS upon gla(si tfte fortner beetimfe* pofis 
tiVely dedtrfcal, ^he latter hegaMvely f of 
courfe they are ttiutuftlly attnaftive. Solii* 
tiOhs of bodies in ihenftrua, and aH cfee* 
i ^ mical 
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iame fource. So the afliftance which difr 
ferent bodies give to each other in fluxion , 
^mBito^utffe £noin their dlffereat ekdiical 
-lAate^ Bt the given temperature^ produciog 
iniuitU9;L>attrft£iioa6y which qeales in fi>me 
Ixy the: ilscoiid eledlrical change oocafioned 
by^tiiofisAotu The oxydatipn of metab, 
aoi) the fbrnpfttictti of water, ttkcvr the <lif- 
ferent (s€bds of the heat at the refped^ive 
ifemperaturas on the ele^hrical habits of the 
oxygen^ and * of the metal or hydrogen, 
oeating hi each cafe that ^ra^ion which 
conftitutes corab^/lion« 

Ik combination^ it is not neceflkry that 
iht whde of either body ihould outwardly 
^appear eledfaricaly in osder to produce the 
attradionV; for if one body tend to analyse 
the elefiricity ftroiigij^ or at large intervals 
between its partioles, and thp ele6brical di- 
vifiona of the other be leis ilrongly marked^ 
this will be pofitively ele^rical to tbe nega<> 
tive particles of the former^ and negatively 

C3 to 
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to thofe which are pofitiVe, and fo attraft 

both. . ' . : 

\ It gend:ally. happens in combination^ 
that a certain, temperature gives the attract 
tion which produces t;)ae union^. a 'greater 
or Ids deftroys it;, ais in' the iHtbon ^f 
filts iu water^ the oxydation of metal^&ro. 
•This cannot, .1 think, be e(>2plained.\i|[>on 
any known qualities of mere heat, otheiv 
V^ifc than as it is found varioufly to excite 
the electricity of, the bodies. The l|U:ter 
.muft, therefore, be confidered as the immei* 
diate agent in thefe changes^ 

•As heat produces or deftro'ys combina- 
tions by the ageJttcy of elecliical atStradlions, 
the fatne efFc6ls muft follow from any 
other caufe which produces the fame 
changes in the eledrical ftate of the bodies, 
and therefore gives the fame eleftrical at* 
tra^ions. It is not, however, in many of 
thefe her more delicate operations and in* 
tricate arraiigeoients, that we can imitate 

nature. 
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tiaturc.' ^ In fome we can :' Ihu^ the- elfec*- 
tricaldifcharge cbrrod^S, arid gives the fame 
colored rin^ to mcftals as heat ; thbfe ap-- 
pear to be oxydatibtis, ^ \ ^^ ' 



' • ' ■ .• • • 'J 



Upon the fame priwciple I think it is; 
that we mufl account for another very 
^onfpiciibus efleft'of elcdrfcitj^. Faffing 
thrdu^^oiygen and hydfdgen, it coihbiites 
^hem intb water. 'This has generally, btit 
I -think* efroneouily/ been afcribed t6 the 
heat of thte' ele£lric fpark. ' It takes place 
in the atmofpherc in every clone! bf vapour 
orAowcr of rain; thefe appeatancbs are 
alway^ accompanied with flrong- feleftricity, 
'and being generally without luminous igni- 
tion, mu ft be attributed to the common 
attraftion of matter, for the purpofe bf re- 
fldring the eleftrical* equilibrium when dif- 
turbfcd. • Ele6lricity is here the fole agent. 
Heat does not appear even as a itimuius 
to its exertions. • We find alfo, thaf an 
exccffivc degree and repetition of the eleq- 
trie fhock, can decompound' water into rts 
original' gafcs, which * heat ' cannot efFeft. 
' C 4. There 
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Thfafc, i^ tberf fore ^ye^y reaJS^n to bdipv^^ 
t^t^, ^ft: rC9rab)»!*tio%,j9r 4c<:omppfitipiH 
hcatJSjjQuljf a njode, not ?i^ways the jproi]: 
efficacious, of applying pr^Xjciting tb^ ^lec«- 
tricity, which gives or deftroys the requifitc 

attraftiqn,- • r ; , 

f ■•♦ - • • -• ' -1. ' ' 

inrbifsh, boi^ from tl^;(^iicu^pQ,.it has oc^ 

cafionf4 among ; philofophers^ ai^id fwm 

jt$. owq. Unpprtance, ' claims oyr wtmoft 

attantionr : and as the great changes dif^ 

pl^y^d in the atrooipbere prefcnt the ope- 

ratiqa of every naturfil .c^tjle upon , a icaJ^ 

iniixiitol/ larger, and therefor? )Ms ?quiya- 

cal, than any experiments of* our ow;i, axad 

perhaps contain ppwers which we ^re unr 

able to irpitate.and have therefore not fuf- 

ficiently ai^ndcd to^ I wa^ apcxious to e»- 

amhxe, whether the opinion which I had 

formed cprrefponded with thofe grpat ?fp- 

pearance^ of paUire,^ The produftion ,of 

vapor, rain, and thxinder-ilorms, is fo jelearly 

wconpileable to the ideas here j(iiggefted, 

that it would be iuperfluous to trace the 

procefs 
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pracefs of their fprmt^tipn, ' I was &rprifed| 
however, to fio4 WS appearamje, the pro» 
4a6lio5i of ;haU, ipc^aWp of fj^planation 
Vipoft;any prui4pl^ which I bad before 
p^rceivcid, ; The iuvcftigation of its aature, 
)e4:in^ ts> oblciry^ JTwre accurately the opci- 
ration, of the two j^rcat pow^rs^j heat and 
eleftricity, and to form importaat conclu* 
iions concerning the connexions between 






. SECTION IJI. 

* Tint cdniimaii^ theory of the origin of 
h'aili fuppofes it to be merely rain coUefted 
^n (o hi^h and cold a region q£ the air, as 
to affumq the folid form. But )[ know no 
xeaibii to believe, that h^iU{^rm$ proceed 
from: clouds niore elevated than others 
^hich give rain. The bail which falls on 
high mountains is extremely fmall, from 
the thinnefs of the atmoipbere which 
ftipplies it; but in lower grounds, hail ge- 
nferally contains as much water in each 

hail-ftone as the hwrgtft «in. It is frcquentin 

hot 
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hot weather, when iTie* air is heated, and 

its ele6frical inequalities^ ftrong and frc- 

» • , ♦ ♦ - » 

quent;'bulf it'iis felddm' fouuH to -fall iii! 
winter in colli climates, .wheiil the 'aii^^Sfe' 
cold,' ini ^eSrical tfft&s Weakelr. ^^hi§ 
fcems to cbrihea? its oHgin ^i^ith ^ddlHkl 
caiifcs, not with the^^ermkrieijt ten!j[Sefa- 
tiire oTtheair/ " ^ ' '" ' • ^ *- -' - 
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The aqueous vapor, in being condfenftd 
into rain> diminiflies iu capacity about one- 
third, and in being frozen one-tenth more *. 
If, t'hwefore, the whole be one inilantericbus 
,operationf, the vapor myft have heeyti 
about 584 degrees below the freezing point J 

^ This eflay having been written on fliipboard, >v)iere 

'the author had not accefs to any books contaiiitng'tiic 

accurate proportipns of heat abfoibcd, they are here fet 

down in round numbers ; but, it is hoped, with fufficient 

corrednqfs for tlie purpofe to be anfwered. 

\ It is plain that if the vapor were riot collefled into 
a hail-ftone, by the fime ihftantan^us operation whicK 

^firft gives k the non-elaftic form, it muft, ^t the (ame 
temperature, be frozen in any previous appearance in the 
non-elaftic ftate, in the loofe fhape of fnow, and never 

• could afterwards be coHedled into baik 

If 
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If from &c fiie of the hail-ftcnes we con- 
elude, that the firft internal globule only is 
fqrpied in the upper air, and that in . its 
defcent it meets with aqueous vapor, which 
it freezes around it, the calculation will be 
ftill more epormous. X-ct us fiippofe the bri- 

ginal hail-ftonc to have been only one-fifth 

t ... 

dfthe whple, and to have coUefted around 
It aha frozen, fpiir times its own portion of 
^Vapor ; *^^ch of .'thefe portions in being con* 

dehfed from the vaporous ftate, extricated 

• •** ,'* ' .' *. '*'■•'• 

and tommunicated to the mafs one-third of 

its heat, ^^ and Mn being frozen one-tenth 
iiibre/ If thefe additional pdrtioris were, oh 
the average, only at the freezing point, the 
original Jropi muft have received 2^3^6 de- 
grees of heat, and is ilill frozen } .it muH: 
therefore, at the beginning of its defcent, have 
been 2336 degrees below the freezing point; 
and its compoAent pa:rticles of vapor, as I 
have before, fhewn, 584 degrees lower, of 
^5920 degrees below the freezing point*. 

But 

» 

* Thefe odcuiattons fecm amply fafficientto eftaUifli ' 
the fiuft he^e contended ioxi were it necei&ry, large ad- 
^ ' dttion$ 



But the whoie : b».t «t ({mt'teQApiefi^rrqr 1$ 
only i^dpda^rpes. 
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Hail cannot therefore . owe , its ^ iplid 

form to th^ elevation aijd general cpldueia 

of the flirrpunding atnaoiphere. It nwft 

arife from fonie gaufe, produc^iff fpu l^h^ 

inoment: cpctr^ordin^ry refriger^tipn iij tjie 

lower iiir in which the hqil-ftpne is CQlle6t.ed% 

This.refrlgeratipn, is notjthe confequenc^ 

pf the vscuuin fornjed by the, colliif^on qf 

|:hq vapor in^p the jiPA-ehftic.ftate; th^ 

ytmoft exhauftioA of aa air-punjp does nQf 
* • • • ' * .' * • * 

diminifh the beat pf the rem^ping ^]S 

above 5 or 6 degrees. 

s 

I AM inclined to believe, that the efFe6t 
is tp be accounted for from ele6lricity 

alone. 

« 

iitton$iiught.bcnadotothsin. ift^ Ficrm tha origiiul 
teat of the hail-fla le, is to be d^uf^ sU that which it 
has received frQm the atmofphere in its defcent, 2d, It 
anjr part of its compofition be fuppofed to be an im* 
mediate coUe£lion of oxygenous and hydrogenous air, 
we are to dedud from the heat the difference of capa- 
city between i^p^us vj^ 9pd ^^^ it» component 

Upon 
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• l^FdK'dkamintng the cflfeffs of elcftricity 
if Stpptttre, that heat is gehfenited hy it only 
in one iviy, \>j a fhock of difchargc ♦. If 
Wt/chai^e a phial ever fb highly, no heat 
i:^ ei-edted. . So if a condnftor be tiled to 
cafrf iifF the el6 Aricity, it receives no heat, 
f^bw it is to be remarked, that in thofe 
fide* kheftj' is ho eleftricity added to the 
bbdyf the cohdti^rV if perfeft, tranfinutcd 
afllhaf it receives, arid the ele6hic, in being 
6hanged, gives off as mtlch from the one 
fide a* it receives on the other ; or if any 
portion of eJc6!ricity be ftippofed in thofe 
cafes to be added to the condu6tor or phial, 
it is only of onp Ipecies, vitreous or refinous. 
The only way in which we can accumulate 
bdth clediricities, even momentarily, in any 
body, is liy' making it the condu6lor of a 
Ihock. "While the charge is going through 
it m both * direftions, the body contains 
it in 'stdSition' to its -former eleftricitics. 
ThiB is alfb the only way in which heat 
can be generated by fcleftricity ; and as I3i6 

*'• »«->>^^<. I 

. "^ A fpark is a imall Ihock. or ijifcharge ; .tbe uit^r* 
pofed column of air is the cle^ric difch^rged by it.' 



mere 
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mere pai&gc afm^pt {penic^ oi^^if^jfyiid 
ak>ag a cofidu^pr gives qo^ boatv w^ »re 
warranted in concluding tli^ fieat is^^eue^ 
nerseted by the accumuljE^tion ro^ the two 
ek£tricities. Hence Ins^tuiraily infer^ tha^ 
a diminution of the elc^icities ijii^f^ di<» 
jninifli heat, or produce refrigeralfioij. .. j^ 
I. find in 9 hail flortn extreme and fuddei^ 
refrigerfition, without any .other'; vili|i>l(S 
canfe, the eledricity of the atmo^here be- 
ing at the famie tinie. in gr^at pertub^tipa^ 
and rapid x:omn)unicat;iopy I am led to be* 
lieye that hail obtain? the folid form froni 
the cold produced by, the diminfution of 
eleftricity, 

• • • f * 

... . « 

In our limited fphere of aSion,^ we have 
not.even atten^pted to dinpjrn^.Jtbe eleSri-f 
cities cpmbined in any body, nor dqes ^t 
appear probable, that we fhqll even iiic-' 
ceed to any extent in fuch an experiments 
But in the great operations, of nature, wje 
iee conftant flu<3iaitions in the diftribtition 
of thefe fluids ; and we can fcarcely doubt 
that, by various "ordinary occurrences, the 
'^ ^ whole 



'^ 
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whok^ quantity in a cbiid or coiwnny if airi 
vsolj he confiderably diminilhed. , 

BvT it will b€ neceffary to examine 
fnpfe fully the nature of eledricity, in 
tt"der to ,*difeo(ycr the connexion which 
nnites foclofclyy lb infeparaWyy ill its effe^* 

with thofe offacat* : : . 

The prtvalent'ttiodei'ntheory of electri- 
city fotipo&s the two appearances of: it, 
before ' diftingvuflied as vitreous and refn 
nous, to be merely plus aod minus quaftti^ 
ties. of the fame fluid ; at the fame time it 
is admitted that every phenomenon m.ay 
be explained, although, it is faid, lefs flmply, 
upon . the old doftrine ; while the acK^o- 
cdtes of the latter infift, that thefe are fafts 
Vyhich Caftnot be reconciled to any other 
princ^plcjs. -It is not" my intention here to 
ent^r iinto queftions. fb fully and ably dif? 
cviffe^; any; further than to fay, that I feel 
royfelf coiWinc^d'by th^ arguments in fa- 
vour ojF the iojd i opinion. If upon that 
ly/leitij I can accQunt f(?r ooUatqral appear- 

ances 
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aneeji iff tmi»& othtnv^^ 

will afford <mMctu\i)c Support ami- eoo^ 

firmation to the doftrinc. 1 confider elec- 
tricity theti at: clivifible inio tvro dUl&^t 
i|>ecHC6> whtcih fflny be called vii^^ectts^ atid 
tetmonxs: -My inveftigation of the liibfeft 
has aUb i^dme to c^dudQ, tfaae the tmion 
of the two eledlricities is lieat. 

Ik fupportof this opinion t obferve^ 
I ft. That in every accnmuktion of elec- 
tricities there is increafe of beat, and I have 
endeavoured to ikew, that naiture pre&nts 
appearances of refrigeration to be accounted 
for only from a diniinution of them. 

• - » . ^ 

WtiEN one coktt^n of air has coiMnti* 
nicated electricity to another, or to the 
earth, it mufl:, upon this hypothefis, con*^ 
tain a portion of the oppofite ek6tricity, 
before combined with that communicated, 
fts heat, but now free and Capable of iexert* 
ing ele^rical power. If the cloud Cannot 
he immediately fopplied with an 6c}ual 
quantity of that ekflricity which if h^fi 



given 
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given ofF^ the decompofltion of the heat muft: 
dimiiiifli its quantity and power, or produce 
cold. In a hail-ftorm we find ftrong com- 
munication of ele6lricity, and great cold cx- 
ifting together ;. this leems to point out the 
connexion between their caufes, which 1 
here fuggeiL When I confider that rain is 
generated in greateft quantities very near 
the furface of the earth, where it can re- 
ceive little change of teniperature in falling: 
that its temperature is generally equal, 
fbmetirnes lower than that of the atmo- 
fphere ; although its component particles 
of vapor, part of the fame atniofphere, 
niuft have been raifed more than one-third 
in temperature, by being con denfed into the 
non-elaftic ftate ; and when I at the fame 
time find that there is in every ihowcr 
confiderable lofs of eleftrical equilibrium, I 
conclude that rain as well as hail is accom- 
panied in its produftion hy eleftrical decom- 
pofltion, and confequent diminution of the 
heat ; and that this refrigeration is counter- 
balanced in rain by the heat extricated iii* 
its condenfetion. 

D The 
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. The air next the furface of the earth is 
daily heated, and rifes, yet the upper 
atmofphere is always cold ; what becomes 
of this heat ? The air itfelf is incapable of 
communicating heat between its particles ; 
the formation of vapor and precipitation of 
rain, inftead of cooling the air muft increafp 
the heat by that extricated in their conden- 
fation. The heated air muft therefore re- 
main for ever heated and elevated, and the 
whole higher atmofphere become by de- 
grees intenfely hot, unlefs the heat could 
elcape by decompofition into the eledlricitie^. 
Accordmgly, after a long feries of hot and 
dry weather, the atmofphere is always found 
ftrongly charged with free and aftive elec- 
tricity. 

idly. Electricity is generally, if not 
always afFefted, the equilibriup is either 
deftroyed or reftored by heat. In exciting 
an eleSric by friftion, we find that no elec- 
tricity can be obtained, unlefs there is 
another body to impart it, or to extra£l it 
from the earths But heat alone gives 

either 
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either cledric fluid to the body to which it 
is applied. Therefore thefe fluids mufl be 
contained in the fubftance conveyed to the 
body in the fhape of heat. 

The procefs by which the communica^ 
tion of heat cleftrifies any body, may be ex- 
plained thus : I before endeavoured to ihew, 
that all bodies divide the electricities be-* 
twcen their different particles. As heat is 
found only in combination with denier 
matter^ I jfuppofe that its produdlion is the 
efFed of the attraftion of matter thus com- 
bining or coiinedting the ele&ricities in al- 
ternate arrangement. The quantity of 
fenfibb heat obtained from any quantity of 
abfolute heat, or of the eleftricities thrown 
into the body, is proportioned to the attrac- 
tion and admiflion which it prcfents to 
them, and the compleat and perfedl union 
in which it holds them. The degree of 
combination does not, however, depend 
upon the clofenefs of the approximation of 
the electricities; for a charged phial, an 
ekftrifia^ bar, or any otbg: body whofe 

D 2 electricities 
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eleftricities arc feparatcd widely by c:!^^ 
tefnal mearw, continues to produce the 
iame fenfible heat. It is fufficient if the 
body continues to hold the eleftricities ii> 
attradlion, fo that each portion of the one 
fhall ftill correfpond to the fame quantity 
as before of the oppofite. When an in- 
creafe of heat excites electricity, I conclude 
that .tdie heat or elteftricities newly added; 
havearranged themfelves in larger intervals, 
like the charging a phial,, or eledlrifying a 
bar. 

jdly* The fame inference may be efta-' 
bliftied, by tracing the identity of the efFefts 
offridion upon heat and upon elcftricity. 

When an eleCifric is rubbed with a 
proper rubber, it feparates the eleftricities 
prefented, retaining and conveying to other 
bodies that which it is beft fitted to imbibe. 
In this operation the Ihrface of the ele6lric, 
and the rubber analyzing the eleftricities, 
and being then feparated, that jpart of the 
cle6lric communicates to the condudlor 

the 
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the eleftricity thus acquired, while another 
part of its furface is brought in conta6l with 
the rubber to perform the fame. If the 
rubber has communication with the ground, 
it immediately attrafts fufficient eleftricity 
to fupply the <:ontinual demand of the 
*^le6tric. 

If a fmooth glafs globe be excited by the 
common rubber, it (hows vitreous eledlri- 
city ; a rough globe refinous. If haif the 
-globe be fmooth and half rough, each will 
he ele£lrificd. If a conduftor be applied to 
both parts, and they are equally and oppo- 

r 

fitely eleftrical, it cannot receive or convey 
either eleftricity. Inftead of two parts, let 
us divide the globe into infinitely fmall 
and numerous particles, having alternately 
oppofite tendencies to attraft ek6h"icity 
from the rubber; each particle will in 
paffing attraft its own ; the refult of the 
mixture is heat. This feems to me to be 
exadtly the common procefs of the genera- 
tion of heat by friftion. 

D 3 I HAVE 
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1 HAVE dcfcribcd bodies as having cohe- 
fion^ in confequence of their particles tend- 
ing to analizc or feparate the two ele^rici** 
ties ; nou'-eleftrics are thofe bodies which 
are little capable of dividing thefe fluids into 
rfegular diftinft maffes, but where each par- 
ticle prefented to external obje6ls is differ*^ 
ently eleftrical from the next, fo as to 
ci>unterbalance each other. In thefe each 
particle, when excited by friftion, muft, like 
the fiaaooth and rough particles of glafs, at- 
tra6l its own electricity from the rubber ; 
accordingly the efFed of the fri^ion is heat. 

To this it may be objeded, that if the 
fl^uid were attraded from the rubber in the 
fliape of heat^ it muft, during the proccfs, 
diminifli the temperature of the rubber dr 
bodies from which it is comqiunicated ; 
and that if it were attrafted as ele6lricity of 
both kinds, it would require electric con-- 
du6iors* 

The objedion may be anfwered by con- 

fidering the nature of the eledrics or non- 

condudors. Eledrics are thofe bodies which 

5 are 
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are capable (probably from the regular ar- 
rangement of their particles) of feparAtihg 
the eleftricities into riegular diftinft maffcs. 
This is, however, ati unnatural and forced 
ftatc of the body, and even in eleftrics 
perfe^ an addition of extraneous elcftricity is 
equally unnatural; accordingly, ail eledlrics 
refift the being charged, or havihg their 
eledricities feparated ; and the force of the 
ele£tric fh6ek \% the proof and criterion of 
the ftrength of their tiendency to return to 
the equilibrium. The application of fo- 
reign electricity having the efFe61: of pro- 
ducing this regular feparation of the elec- 
tricities in the eledric, its approach is re- 
fifted by the cohefive force of thefe fluids 
already combined in the body. But if by 
ahy means we prefeht to it equal portions 
of the two elieftricities, thefe counterbalanc- 
ing, and, as it were, neutralizing each other, 
will not create in the body aiiy eleftrical 
tendency, and of courfe the reafon of its 
repelling each fingly does not ariie. All 
bodies muft in fuch a cafe become perfedl 
condudors. This happens in the produc- 
tion or attraction of heat* The eleClricities 

« 
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prefented being in the iame ftate with thofc 
ia the body, balanced and neytralized, paiit 
along without difturbing the eleftrical equi* 
Ifbrium, and therefore without refiftance. 

The natural traiofiniffion of heat from 
one body to another is flow ; but if a fu- 
perior force is mechanically created by fric- 
tion, we find the heat attraded ib rapidly 
and powerfully, and with ib large a field 
q{ aftion, t^at the bodies immediately ad* 
joining are . flipplied ap fajft as they com*^ 
municate it, and experience no fenfible re- 
frigeration, This attra6}ion, or apparent 
creation of heat by fri6lion, has hitherto rer 
(peived no fatisfadory explanation, and forms 
the principal or only obflacle to the admiff 
fion of its exiftence as a fubftance, I rcfqlve 
this effeft into the attradion of its compo-p 
ijent parts, each of which is well known 
feparately to have this quality, 

4th^y. It may even be maintained with 
reafon, that heat is only known to us by 
eiFedls purely eledrical, attradion and re- 
nulfio;), under which are ranked their va^ 

rious 
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fious modes of adioii, elafticity, expainfion^ 
combuftion, and other combinations. The 
difference feems therefore to be this : when 
the eleftricities are fb (eparated, and the 
communication is by flich bad condu6tors, 
that the attra6lion of each, for the material 
obje6t to which it is attached, overcomes 
their tendency to re-unite, they are eafily 
fcparable, and become free and transferrable 
fingly. When they are ib clofely united, that 
the one cannot be wholly feparated from 
the other by the common force of the at- 
traction of matter, they pafs from body to 
body in equal proportions, and although, 
in truth, each continues to exert ele6h'ical 
force, yet the minutenefs of their fepara- 
tion leaving no outward trace of their dif- 
tin6l natures, and no tendency to motion 
being exerted by their attraftion, they ap- 
pear to neutralize each other as electricities, 
and obtain the name of heat, 

5thly. We obferve fo ftrong a ooinci- 
dence in all the habits of heat and of elec- 
tricity, that Philofophers have never doubt* 
jpd of their affinity. The generation of light, 

their 
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their common offspring, leems alone fuffi^ 
cient to , eftablifih the conhexion between 
thei!n, I (hall, in the fucceeding pages, en- 
deavour to Ihew, that that phsenomenoa 
perfe&ly accords with the explanation hcf^ 

fuggefted of their common nature* 

« 

6thly. Unless we adopt this theory, we 
fhall find feveral appearances of thefe fluids 
which contradift the general maxims of our 
experience, and every idea which wc can 
form of matter. We fee beat and the two elec- 
tricities, by turns ftart fuddenly into being, 
or vanifli without leaving a trdce perceptible 
to our fcnfe, or exerting any energy in 
proof of their exiftence. By admitting their 
identity, we bring them under the general 
laws of matter. Its properties may change 
the direftion of their adion, but the fub- 
ftance is always palpable. Two equal and 
oppofite motions deftroy each other ; hence 
we conclude, that motion is not a fubftance, 
but a quality of other fubftances, which 
may ceafe to exift without injury to the 
eflfences of the body. The eleftricities, 
when feparated, are mutually attra6tive, and 

there- 
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there foFe a motion, or tendency t-o motion^ 
is produced ; when they are as near as they 
tend to continue in the body to which they 
are attached, the attraftion no longer pro- 
duces motion j but the fubftances continue 
to exift under the name of heat. 

If thefe reafbns warrant the inference 
that heat is the combined efFeft of the twg 
eleftricities^ we (hall find in it an explana- 
tion of many of thofe phaenomena which 
I have before noticed. 

Upon the change of any body from the 
folid to the fluid, and afterwards to the 
gazeous ftate, the capacity is increafed, the 
temperature falls, or heat appears to be ab- 
forbed ; at the fame time the arrangement 
of the eledlricities is evidently changed, 
each particle feeming to center the whole of 
its attradlion within itfelf. This in non- 
elaftic fluids merely deftroys the tendency 
of the particles to clofe and firm conta6l, 
and leaves them mutually in an ele<arical 
equilibrium or indifference, except fo far as 
they are aded upon by the attraction of co-^ 

hefion 
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fiefion, of which I fliall prefently (hew the 
nature* The folid hody when heated, not 
havhig fufficient power to retain the in- 
creafed eledlricities in fuch clofe combina- 
tion throughout, that attraftion which con- 
neded the eledricities of the feveral parti- 
cles in folidity ceafes to be produced. The 
whole attra6tion or combination of the elec- 
tricities being thus reduced, their efFeft in 
"the produftibn of heat muft undergo a fimi- 
lar diminution. This feems to be the rea- 
fon of that increafe of capaeity and appa- 
rant abforption of heat, which we perceive 
upon the change from the folid ftate. When 
the body is volatilized, the internal attrac- 
tion which held each particle together, i$ 
alfo deftroyed, and the fvibdivifions exhibit 
mutual repulfion. The combination of the 
eleftricities thus receives a much greater 
diminution, and their cffe61: as heat is 
proportionably more reduced than in the 
former change. 

Thus we can obtain fbme infight into 
the nature of that combination of the elec- 
tricities, which moft powerfully produces 

heat. 
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heat. I have before fliewn that it does nof 
depend upon the clofencfs of their approx- 
imation, nor upon their being in larger or 
finaller maffes. It depends upon the ar- 
irangement of oppofite and attraftive por- 
tions of ele6lricity alternately in every di- 
refiion, without any repulfive or non-at- 
traftive furfaces ever adjoining. 

Hence it is that the general increafe of 
bulk of bodies by heat, and increafe of fize 
of water by cold at a certain temperature, 
unaccompanied by a change of form, or of 
the arrangement of the ele6lricities, has no 
•ffed on the capacity of the body. 

Upon the fame principles we may, per- 
haps, account for fome of the moft confpi- 
cuous differences in the modes and efFeds 
of combination of bodies. In fbme com- 
pounds the capacity is increafed, in others 
diminifhed; fbme are fufed or volatilized 
at a lower temperature than their compo- 
nents, others at a higher. Some combina* 
tions are nearly permaneat, others yield to 
the firfl change of temperature ; or to the 

attrac- 
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attra£lion of other hodWs. Thdk varieties 
^rife from the different modes of attractioa 
binding the bodies in union. The heteyoge^t 
neous particles may tend to divide the elec- 
tricities between them either partially or 
entirely ; or they may be attradlive by the 
one body's feparatin^ the eledlricities into 
wider and larger divifions than the other* 
Thefe differences may be infinitely varied, 
and the effe^s on the combinations muft 
be regulated by them. Thus two bodies in 
combination, may tend to correft the effeft 
of the hea.t in ekiftrifying each,, and fo their 
continuance in combination may be very 
great. The two bodies have originally 
only a certain power of attrafting or hold- 
ing in combination the el[e6lricitiea.. J^^Y 
their union the eledricities arej brought into 
more or lefs qlofe cornbination> the tempe- 
rature and capacity njuft be altered ; and 
as tj^e wholq quantity ajnd dofencfe of 
combination of the ele^ricitiea, no longer 
bear the fame proportionf to the power of 
the bodies to contain them, the period of 
fufion muO: be piopprti^cmably acoekxafeed 
or retarded. 

• SEC- 
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SECTION 1\\ 

The appearance of light is fo intimately 
cormefted with thofe of heat and eleftricity, 
that no fpeculation upon their nature can b^ 
entitled to attention, unlefs it include a rea-r 
fbnable account of this phaenomenon. I 
have found its appearances fo perfe£lly to 
coincide with the opinions which I have 
above fiiggefted, as to fumifli a very ftrong 
confinnatio^ of their truth. 

It is found thqit all bodies are cotiflantly 
emitting rays, whith, when fuppliedin a cer- 
tain copioufneis, afFeft the eye with the fen- 
iation of light. The elafticity of the fluid, or 
mutual repulfion of particles of fltiiilar elec* 
tricity, ieem conftantly exerted to tffdSk its 
efcape from the poiibn which the grofler 
matter throws around it Thefe rays I 
take to be in. all cafes particles oif (ingle elec* 
tricity, not of heat. 

Rays of lighit are found to Iraydfkt a 
certain^ equal velocity, and calculatioas of 

their 
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tJieir quantity and velocity have fuppofeil 
each particle of light in a fiin-beam, mi- 
nute beyond our conception, to be diftsint 
about a thoufand miles from its fucceffor in 
the fame direftion. This accounts for their 
fliewing little eleftrical attradlive force, 
their velocity hieing too great, and their 
bulk too minute to allow its a6lion upon 
heavier bodies. 

Ira fubftance emits vifible rays of each 
of the eleftricities, as muft happen where 
it is rendered luminous from equal increafes 
of each, that is from heat, their re-union ia 
any body which ftops them will re-producc 
heat. This re-union may, however, be pre* 
vented by making the rays pafs through a 
medium which will tranfmit the one Ij^ecics 
of eleQrical particles, and abforb or refled 
the other. Thus the rays of a common fire, 
coUefted in the focus of a concave mirror, 
give, great heat and light. If a piece of glafs 
be interpofed, the focus exhibits great lights 
but no heat. 

The folar rays Teem to be emanations of 
fimilar eledlricity, for when feparated they 

produce 
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produce efFefts fimilar to each other and td 
the whole, varying only in ftrength. If they 
confifted of oppofite eleftricities, any body 
which flopped their courfe, , however fitu-^ 
ated or of whatever texture, iriuft receive 
equal heat from them; but in fa6t the air 
receives hardly any heat from the fiin's rays, 
and mountains, and even elevated continents^ 
much lefs than lower grounds. I fuppofe 
the difference to arife from the degrees of fa- 
cilityj with which different bodies can fup- 
ply the oppofite elcdricity, to be Combined 

with the folar rays in the forixiation of heat* 

» 
As the eleftricity of the earth his attrac- 
tion for the whole mafs of matter of which 
the globe confifts, the general diredion of* 
this force mufl: be towards the center t it 
muft, therefore^ exift in greater quantities at 
the level of the fea^ than in places rettioved 
above the general furface* Bodies thus fituated 
can, therefore, afford a fmaller fupply of this 
electricity to be Combinfed with the fblaf rays 
into heat. Elevated regions, however level 
or extenfive, are therefore much colder th^i^ 
others in the farne Idtitudd, lying lower. 

E ALTHOt/Git 
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Althouqh the minutcncfs of particles of 
light prevents them from Qccafioning per- 

/ceptible eledrical fenfations in the bodies 
upon which they fall, yet their ele<3rical 
power is not ina6tive ; it is unable tq move 
the grofifer body, but its ejffed on the lighter 
fubftance of the. ray is very fenfible. " In 
pafling from a thin to a dcnfe medium, the 
rays are attrafted by the latter raoft ftrongly, 
and are therefore refra£led. Their various 
refrangibilities Ihew thai this effeft arifes 
from their particular attradUve tendencies, 
or eledrical forces, not from any general 

I gravitation of matter. 

Ira capillary obftacle is placed adjoining 
to the path of a ray, the latter, inftead of 
being attracted to the material objeft, is 
repelled on each fide, and deflefled froift its 
courfe. This is is an effedt merely eledri- 
cal ; it is produced thus. All bodies arc 
more or lefe eleftrics. The ray afis like 
any other portion of foreign eleftricity, tend-- 
ing to charge the body by difturbing the 
equilibrium or natural arrangement of the 

eledri- 
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cleftricity within it. Its appi'oach is there* 
fore refifted, and the ray repelled and de- 
fledlcd. The refiftarice of all furfaces to 
admiffioii of* light, is pfobably the caufe of 
opacity,, dr of the abforption or refleftion 
of light, from the multiplicity of furfaces of 
the particles of opaque bodies. 

If* a plate of one tranfparent medium be 
interpofed betweeti two others of a different 
denfity, regularly diverging; as if two plates 
of glafs, the one a portion of a fphere, the 
other a plain, joined in one point, have the 
reft of their furfaces feparated by air, and 
a ray be made to fall upon the plates, it 
will be alternately tranfmitted and refleded 
from the lower furface of the interpofed 
medhim m a fegular fucceffion of colors, 
according to thethicknefsofthe interpofed 
plate of air. If the eKpcriment is tried with 
a ray of one colof^ it is alternately trahC" 
mittpd and reflected at regular increafes of 
thicknefs of the interpofed medium. This 
. is according to the common faWs of eleftri- 
city* If a bar is ele6itrified, or charged by 
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the application of foreign eleSncity, its 
dedricities are feparated into maffcs alter- 
liately vitreous and relinous, the ipace oc- 
cupied by each, or the fize of the divifions, 
depending upon the force of the eleftricity 
applied. A magnetic bar exhibits the fame 
phsenomenon. The plafe of air, penetrated 
by the ray of light, reprefents fuch a, bar, 
which is charged, or fufFers a feparation of 
its eleftricities by the appliciation of the fo- 
reign el(5(^ricity, the ray. If the length of 
the bar, or thiqknefsof the interpofed plate 
of air, be luch that only one divifion of the 
ele6lricity with that ftrength of charge can 
be contained in it, that will neceffarily be 
of the fame kind. Vitreous or refinous, with 
the ray or ele6lricity applied. A repulfion 
muftj therefore, take place between the ray 

and the medium, and it ^yill more readily 

' ' > * '• ' 

pafs on to another tranfparent medium thaa 

revert through this. If the medium be of 

luch thicknefsas to admit. of two, divifions 

of the eledricity, the one limilar to the ray, 

the other oppofite, the latter muft be at- 

traSive to it ; and therefore when the ob- 
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ftacle of another furface, the lower plate of 
glafs, is oppofed, and the ray is alfb attra6led 
by the medium in which it is moving, it 
is flopped in its courfe and refleded. The 
third Ipace is as the firft ; /the fourth as the 
fecond ; and thus the alternate fits of eafy 
tranfmiffion and reflexion arife. The rays 
of different cplors having different eledlrical 
powei-s, produce various intervals *or divi- 

lions of the eleftricities, and therefore are 

« 

refleded at different thicknefles of the me- 
dium ; hence the fuccefKon of colored rings 
from a white ray. The; alternate attraftion 
and repullion between the body and the ray, 
and the confequqnt contraftion and dilation 
of the former, may create the effefl: of vibra^ 
tion, to which Sir Ifaac Newton attributed 
this, and almofl every other phaenomenon of 
the fblar rays. This vibration may aid thq 
procefs. 

In thefe cafes I fuppofe the ^fFe<S to be 
produced by the bodies being eledrified, or 
having its eleftricity arranged in an uriullial 
manner, by the application of extraneous 
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cleftricity. But I have before fliewnj that 
all bodies at reft contaiji the electricities fe- 
parate and diftinft from each crfJier, altho^igh 
lels widely removed than when ele^h-ified; 
and every appearance of eleftricity marks 
it as an eiTential principle of its nature, to 
arrange itfelf in each body in divifions per- 
fe6Hy regular. Bodies ©ven at reft may, 
th^reforeji be coniidered as reprefenting an 
eleflrified bar, confifting throughout of 
regular divific^is, alteri^tely vitreous and 
refinous. This arrangement will extend as 
far, as there is a continuation of matter fuf- 
ficiently fimilar in denfity to c?irry op the 
alternate fiu6luation of eledricity unbrdcen. 
Where two inch bodies are fo nearly in 
contact, as to oommunicate and link toge-» 
the eleftrical chain, ar certain attraftion 
Uiuft take place between them. This is 
the ^ttrj^dion of cohefion, 

S^^ bodies being thus arranged in regun. 
kr divifions of ele6lricity, the next inquiry 
is what thofe divifions are. The nature of 
ek^ricity will explain them, 

If 
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It light be clcflricity, this is a generic ^ 
name for many fluids, varying in refrangi* 
bility or attraftive force. The fokr eleftri-* 
city is feven-fold ; the oppofite is alfo vari- 
colored, and 1 ' fliall prefently endeavour to 
fliew, that it muft in every thing c6rrefpond 
to the folar. There is nothing to lead us to 
believe, that the various colors or fpecies of 
fitnilar eleftricity have any union or attrac* 
tion among themfelves, or are otherwife 
eonnefted, than as their fimilar tendencies 

produce fimilar, and therefore apparently 

' » 

joint efrc6fe,. from the confufion and imper- 
feftion of our obfervation. Whenever theii' 
natures differ, we find each produce its ef-* 
fefts' feparatcly and independently. The 
fame variety of eleftrical force which caufest ' 

the difference of refrangibifityf and which 
produces the colored rings frpm a white ray, 
•piercing a plate of air between it wo furfacea 
of glafs, mufl caufe the fame difference in 
the intervals at which the various eleftrici- 
ties are arranged in bodies at refl, the moft 
refrangible, or thofe of greatefl: eledtrical 
force, having the greatefl intervals, or divi-^ 

E4 ' fions. 
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fioiis. In elaftic bodies, as the atmofphercji 
where the grofler matter is thinly fcattered 
through the mafs of eledricity, thiseffeft 
muft be moft ftrong. 

The truth of this reafbning feems to be 
eftablifhed by attending to a very Angular 
coincidence in nature, hithertp not fatisfac* 
torily accounted for ; the exaft pfoportion 
between the refrangibility of the colors, 
jind the notes of a mufical o6lave ; the moft 
refrangible corresponding to the ' deeper 
notes or larger vibrations of the mufic. It; 
is impofliblc to believe that this coincidence 
is accidental, and the rule^ of philofophy 
compel us to conclude, tha^t the lame power 
produces both the effeSs, J fuppofe it to 
refult from the arrangement of the eleftri-^ 
cities in the air, according to their colpr? or 



•t^ 




A SOUND is the vibration of the air, car^ 
ried along by the elaftipity of the el?6lric 
fluid in regular undulations, which may be 
confidered as artifigi^ divifions of the at-i 

roolpher?. 
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mofphere. Its natural and permanent divifi- 
ons are thoie produced by the arrangement 
of the differently colored eleftricities. When 
the vibration or artificial divifion coincides 
in fpace with any one natural divifion, or 
any regular number of intervals of one 
ele6tricity, the found or vibration will be 
regular, even, and melodious. This is a 
jnufical note. If the vibration be increafed 
in length, fo as to include the fame num- 
ber of intervals formed by the next color 
in frangibility, the next - mufical note is 
founded. When the vibration is increafed 

lb as to include double the number of inter- 

' , • f 

vals of the fame eledricity as the firfl, the 
p6lave of the firfl note is produced; being 
performed by the lame eleftricity, the 
fpunds are perfe6tly homologous *; 

Like 



♦ Probably th€ intervals or divifions of the clcftri- 
cities in the air are very fiiiall,and there may be many fuch 
in every artificial divifion by a mufical vibration. The 
different numbers of thofe intervals in each vibration, pro- 
bably mark the diftindlion of the diftcreht keys in mufic* 
The key A, may contain 9, 18. 36.&C. the key B. 8. i6* 
2?- ice, pf tile natural divifions \xi each vibration^ Thui 
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Like every other material obje6t, th« 
eye and optic nerve muft be filled with elec- 
tricity, feparated into divifions alterna^tely 
viireous and refinous, of each color, and 
muft be fufceptible of having their eledri-. 
city excited, or arranged in a new and tin- 
ufual manner, by the application of forei^ 
cle£lricity. Hence we muft conclude, that 



the iame note may coincide with different keys. For if 
a vibration include S divifions of one eledricity, it will 
alfo coincide wi th 9 intervals of another, whofe refrangibi- x 

lity is to that of the firft, in the proportion of 8 to 9, and 
fo be in harmony with a key including 8, of with one in-* 
* eluding 9 natural divifion$ in each vibration. From the 
number of different .ibolors by which any found may be 
carried along, probably arife the diftinflions of flat and 

ibarp notes, and all the varieties in harmony. 

... ' / 

The refrangibilities of the different colored eleflricities J 

are in certain proportions.which will correfpond at the foU 
lowing intervals. The violet, the moft refrangible, will 
include in 9 of its divifions, 8 of indigo; in 5,6 of blue 1 
in 3, 4t)f green ; in 2, 3 of yellow; in 3^ 5 of orange j in 
9, 16 of red; in every divifion, two of its own octave. 
Men acquainted withmufic may, perhaps, carry very fat 
the invedigation of the confe(^ences of chefe coincident 
proportions upon harmony. . • 

4 the 
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the difFerently colored rays muft Operate up-^ 
on the optic nerve according to their refraii- 
gibilities or elcdrical for<:es, feparating its 
elcftricity into divifions of various dimen- 
fions* This different arrangement, and con- 
^' iequent various tenfion cf the nerve, is pro- 

bably, the origin of the fenfation of color^ 
: and therefore of all vifion. Accordingly, 
we find that any other eleftriqal "afFeftion, 
of the optic nerve, as the application of 
common eleftricity, or of what is called 
. animail ele^ricity, produces the fame fen- 
iation with lightt The fame efFeft is imi- 
tated by a blow or preffure upon the eye, 
expanding or cont rafting the nerve. 



This explanation of the nature of vifion, 
and the fenlation of color, will account for 
thecxaft, and evidentlymore than accidental 
coincidence in the different colors of the op- 
• pofite eledtricities. For as eledricity of any 
color is in its diflribution alternately vitr^e- 
ous and refinOus, the one of thcfe mufl oc- 
cur in the fame fpace as often as^he othery 
md produce €?(jual diftdbution of the elec- 
tricity 
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tjicity of the eye or other body upon which 

they ad ; this muft produce equal arrange- 

ment and tenfion of the optic nerve, in 

which I fuppofc all fenlation of color to 

confift. It is^ therefore fcarcely material 

to inquire, whether the oppofite eie6lricities V 

are naturally divided into fimilar colors or ^ 

ipecies mutually correfponding m force, or 

whether the one only is fb divided, and the 

other is compelled by attraftion, to affume 

the fame arrangement to correfpond to and 

balance each divifion of the lirft. The ef- 

i^(^ muft be the fame upon either hypo-, ^ 

thefis. 



I' 



I HAVE thus endeavoured to trace the 
general outline of connexion between heat, 
light, and , eleftricity ; and hope to have 
fliewn that the two former are only diffe- 
rent adlions of the latter power. It were 
befide the purpofe of this eflay, already fuf* 
ficiently multifarious, to examine the ab- 
flrad caufes of that attractive force of elec- 
tricity by which thefe various phsenomena 
are produced, and to explore the whole pro** 

perties 
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pertics and effefts of this wonderful fluid* 
To follow it in all its fhapes, and fcrutinize 
all its operations ; to trace it as the general 
parent of attraftion, producing that gravi- 
tation which arranges the univerfe into or- 
der, and giving, by its balanced force, that 
^ a;/j /)i^r//W which feemsalmoft the effence 

of matter; to paint it as the moft powerful, 
moft univerfal agent of the Almighty Crea- 
tor,' is for me too arduous ^ talk. We 
know not how far the induftry of future 
ages may raife the ftrudlure of human 
knowledge. My ambition is latisfied, in 
hoping thit I have added one ftone to the 
fabric, or arranged and cemented fome 
loofe and confufed materials of the pile. 
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LETTER L 






Dear Sir, 



I: 



N the natural world, a scehe so new and 
extensive has been opened by the late discoveries in 
Electricity, that it is not easy to assign % reason why 
they have h^tn so little applied in philosophy. The 
leading facts in this science rose up at a strange time 
and in a strange manner; as if they were intended to 

« 

be of great use to the world; which use hath not yet 
appeared, though the science hath been in the hands 
of very ingenious men. Of the time at which Electri- 
<^ city was discovered, I say nothing as yet, though it • 
\ was very remarkable : the manner 1 can relate to you 
"^ nearly as I received it thirty years ago from an inti*- 
'^ mate and respectable friend, who was a party concern- 
» ed in the discovery, the late Reverend Granville 
-^ Wheler^ of Otter den Place, in Kent.^ 

There was an ingenious man, Mr. Stephen Grey, a pen- 
sioner of the Charterhouse, who delighted much in ex- ' 
periments. It was the practice, at that time, to rub a* 
large tube of glass for attracting threads and other light 
bodies; and Mr. Grey having found that his tube would* 
not act well but when perfectly clean and free from -dust, 

* 

* He was commonly cs^lled by the name of the Reverend Granville^ 
Wheler Esquire, and is .addressed under this title by the ingenious 
Mr. Benjamin Wils<m, who dedicated his Tr^^e on Electricity to 
h im. He was the son of Sir George Whekir, Knight. . I 

, B Stopped ^ 
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Stopped the open end of it with a cork. One day, 
when he had rubbed his tube and applied a thread to 
different parts of it, he observed that the thread went 
to the cork at the end as readily as to tiie glass of the 
tube,^ This taught him that the power of Electricity 
was communicable from glass to other bodies. The 
steps he made, iu consequence of this, were easy and na- 
tural. Insteaid of the cork, he fixed into his tube the 
joint of a fishing rod, and discovered the same power 
to the eiiid of it. M last he tried his whole fishing 
rod, \yith a line of packthread and aii ivory ball at the 
end of it, from an upper window ; when the ba;ll at the 
end was still found to at^act light bodies as before. 
With this discovery he went full fraught to his patron 
Mr. Wheler, in the country, and repeated every thing 
with success as far as^he had gone. But they deter- 
mined to go farther; and for this purpose repaired to 
a long gallery above stairs, which encompassed three 
lades of the house *; and having extended their line, 
the length of which required that there should be 
loops from the ceiling to support it, they tried the 
effect ; but now there was no answer, and they were 
quite at a stand. But it so fell out, that they blun- 
dered upon a true method in consequence of their own 
false reasoning. These loops of ours, said they, are 
too thick and too heavy, (for, by the way, they had 
made a trial of iron wires ;) our way will be to make the 
loops of the strongest line we can get, with the least 

. * This ancient seat,, which had an observatory at the top of it, 
lias been polled dowa U> the ground for some years. 

weight 
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weight a»nd substance. On this coiisrdcratioh thej^ 
gave the preference to sewing silk ; and now all was 
right at once: but they still argued, that their success 
was owing to the smallness of their lines, not to the 
silk of which they were madei , A few more experi- 
ments taught them to correct the mistake; and they 
discovered, that there were bodies of different constitu- 
tions, some of which would stop the power, while', 
others would let it pass off freely and be dissipated: 
these we now call conductors Thus the great dis* 
tinction was opened between Electrics and Non-elec- 
tries. But every thing came out by accident : for 
Mr. Wheler assured ;iic, that neither he nor Stephen 
Grey had ever reasoned right in any one instance that 
te could remember ; so contrary were the effects of 
Electricity to all the pre-conceived notions of Philoso- 
phers. 

Mrw Hauksbee, an ingenious operator to the Royal 
Society at the beginning of this century, invented a 
method of increasing the power of glass, by mounting 
a globe so as to be turned by a wheel: and a globo 
being so contrived, as to be capable of being exhaust- 
ed of its air upon an air pump, the electric Fluid began^ 
to display itself in a wonderful manner. Opaque 
bodies, when illuminated by it wiAin the globe, became 
transparent 5 for when the inner surface of the glass 
was coated with pitch or sealing-wax, the hand of the 
operator, which rubbed the globe, became visible 
through each of these substances. 

Both Hauksbee and Grey shewed a disposition very 
tarly to speculate upon their new experiments, us if 

« 2 they 
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they had discovered in them some alliance with th» 
great moving powers in the System of the World. Grey 
wias delighted with the prospect : but in the applica* 
tion of his experiments he was rather too hasty, and 
his haste made him inaccurate ; of which the Philoso- 
phers^ of the time, who had then lately set their whole 
affections upon a tmcuumy took advantage to render 
his speculations inconsiderable : and with many prac- 
titioners the electric medium still kept the name of 
an effluvium 3 as if it had been emitted wholly by the \ 

glass, and were of little more account in the world than 
^ common odour. 

, . In a short time it came to pass, by another singular 
accident, more remarkable than that which had hap- 
pened to Stephen Grey, that Mujcbenbroek of Ley- , 
den discovered a new force, of \yhich, from that time 
to this, it has troubled the learned to give any rational 
account; opinions being even now in agitation con- 
cerning it, which are in direct opposition to each other. 
Electricity had hitherto appeared as a simple direct 
force, which c©uld make its way through iron as easily 
as through a vacuum. But now there came upon the 
stage a new force which we may call reverberator^ s ^j 

because the Fluid, instead of flying off forwards, as in 
common cases, is arrested, retained, accumulated; and 
flies back again with a great stroke and an explosive 
noise. Muschenbroek had suspended a glass phial of 
water at his conductor, and was electrifying it to try 
how long the water inclosed by the glass would retain 
its electricity : but, in doing this, he grasped th« bottle 
with one hand to remove it, while his other hand 

touched 
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tduched the conductor, and in this ii^stant he received 
a stroke through his arms and breast, attended with 
such a sensation, as no man had ever felt before, and 
which he that has once felt will never forget. This 
was a wonderful fact ; aiid as soon as Muschenbroek 
had made himself master of it, he reported it. The 
fame and the practice of it soon flew into every civi- 
lized part of the world. People of both sexes, and of 
all iages and conditions, repaired in crouds to see and 
receive this wonderful shock •, and the public curiosity 
was so much awakened, that every body was ready to 
hear what writers had to say upon the subject. Dr. 
Watson, a physician, gained great reputation by his 
manner of treating it, and I heard several learned per- 
sons pronounce his work to be the best that appeared 
iipon the occasion, He made no scruple to call the 
new power of Electricity by the nan^e of Elementary 
Fire^ and his elettrical machine a Fire-pump. 

It is something remarkable, that from the earliest 
days, when excited amber and glass were first observed 

to crackle and flash in the dark, an alliance was sus- 

i . . . ■ 

pected between this Light and the Lightning from the 

clouds : and, in process of time, when the matter came 

to a trial, this alliance was no longer doubtful. Which 

of the two was first in bringing down fire from Heaven; 

whether Romas of France,- or Franklin of America, 

has not been well ascertained, so far as I have been able 

to learn : but let it be Dr. Franklin; for then the fact 

will be an ominous prelude to the business he was soon 

afterwards to do in the world, in drawing down the fire 

of 



of civil war ttpoahis country, and spreading, the eont 
ibsion of anarchy over the earth. The Frenchman 
may certainly put in his claim; for the omen will 
agree as well with his present national character : but 
wc need not trouble ourselves in settling their respec- 
tive shares: they have it all between them; there be^* 
ing no others who have so just a title as the American 

and the Frenchman Co be called the Incendiaries of 

< 

the world. 

^ Philosophic^ men became so fond of this new art, 
whereby a thunder-cloud was turned into an electrical 
machine, that the practice became common, I think, 
rather too common, in many places- A poor Professor 
of Petersburgh was at this work, when a bali of 
fire came suddenly down from a cloud into his n^a** 
chine; and he being the nearest object to his con- 
ductor received the stroke upon his forehead, and was 
killed upon the spot. When I read of this fatal acci- 
dent, my mind is shocked with it, and I am reminded 
Df that day, when the boldest Philosopher shall discor 
ver, with this, unfortunate Professor, that Heaven is 
not to be trifled with. But Dr. Priestley discovers 
him to have been a very fine man, and that he died a 
. very fine death, such as other Philosophers might envy 
and desire. . His notions and mine differ very greatly o^ 
many subjects ; and his reflection on this occasion must 
arise from some new theory of life and death, worthy 
of Dr. Priestley. 

The relation between Lightninigand the Electric Fluid 
being established, it was inferred, that lightning might 

bo 
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be collected and dissipated without mischief: and no 
house was thought to be secure without a conductor 
tipon the top of it. But the case is attended with: 
difficulties, as time hath shewed; and the argument 
in favour of knobs against points is a sufficient proof 
of it. At first the whole dependance was upon the 
effect of sharp points, to draw off the matter of light- 
ning by a silent discharge. But points having miscar- 
ried in the case of the powder magazine at Purfleet, 
there arose a serious dispute in favour of the ball or 
knob against the point ; it being objected that the 
point was more apt to invite the flash, and less apt to 
disperse it. I am i)ot clear how this ought to be; 
and I question much whether we are competent to the 
stating of it. This I know, that from the beginning I 
never was very sanguine in favour of the conducting 
plan. The following accident discouraged me very 
early. I knew a place in the country, where there is a 
high steeple of stone, with an iron spindle and weather- 
cock at the top : but when a storm of thunder cama 
over, the lightning struck a low house not far from 
the church, which house it burnt to the ground, and 
killed some people within it ; while the churchy a 
much higher building, was untouched. This, taught 
me, that the conducting principle was not to be de- 
pended upon, if a high pointed building near at hand 
had proved no security to a low one* .1 knew o£ two 
houses afterwards which were struck while they had 
conductors of iron upon them. There were not want- 
ing petsoqi on this occasion^ who argued as if they had; 
• * found 
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found out, that the conductors had not acted properly 
on account of some defect : but these things served to 
convince me, that there were dangerous difficulties, in 
the way; that conductors did not act quite according 
to the theory, or that their effect, whatever it may be, 
extends but to small distances ; that in certain cases 
they may even be attended with danger. What 
escapes St. Paul's church and, the magazine at Pur- 
fieet may have had from the lightning itself, we know 
not, but we have much reason to believe that they 
have had two escapes from conductors : and, on these 
considerations it has appeared to me of late years as a 
matter of no great consequence to inoculate buildings 
against lightning. It is a good thing if we can lessen 
the danger of ships at sea by it, and we may be thank- 
ful for the discovery. 

Since this invention of drawing, fire from heaven, 
improvements have consisted chiefly in playing new 
tricks, and diversifying old experiments, and observing 
how minutely various the states of bodies, and of the 
atmosphere with its meteors, are, in respect of their 
electrical affections. Here the science is without end. 
How much more easy it is to multiply than to simplify ! 
When old things appear to us under a new shape, we 
give them new names; and when we get new names 
we think we get new knowledge. Hence hath arisen 
a vain expectation, that if we do but wait long enough, 
experiments may be increased, till it will be time to 
raise a Theory; but that time, I fear, will never come: 
so far as the purpose of a thcory-is concerned, jnaterials*. 

are 
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are vety nearly in the same state now, as they were fifty 
years ago; and we are now most certainly in a state to 
do something, if there is any thing to be done^ Out* 
information has proceeded from a quarter whence we 
had very little reason to expect it. Electricity, so 
called from Electrum^ Amber j began with moving a 
straw; but hath now shewed itself powerful enough 
to move the world ; and being such, it is intitled to 
spme great share in the ceconomy of it* If it acts for 
evih as ia lightning, it has the same ability to act for 
good; and for great good the Creator undoubtedly 
intended it. Such observations as I have made, with ^ 
view to discover this, I shall freely impart to you; 
and I .think I have already said enough in this letter 
to raise your curiosity. If Pliny the natural historiai^ 
had been told, that there was a man in Britain, \yho 
could send a strong spark of fire out of brass intQ 
another man's forehead, which should strike without 
burning, and come out instantly at his toe, he would 
not have rested till he had learned all that could be 
kno\ya of the secret. Such a wonder as this has beeJil 
reserved to our days ; and now we have it, you will 
I think, as I do, that if we can, we ought to make somtf 

use of it in our philosophy. With this design, I shall 
take the liberty of addressing some future letters 
to you : And am, > 

" With sincere affection. 

Your very faithful humble Servant, 

Jan\iary 3, 1797. ■■■ 

C LETTER 



( io ) 



\ 

u 



LETTER 11. 



84 R, 



A 



..\ 



FTER the general view'df things, which 
I gave you in my former letter, we must now descend 
to particulars; and ask, xvhat it is that acts iii 
Electricity? This is the first question Which any 
curious person will ask, who has heard there is such a 
tbing as Electricity, and seen some of its wonderful 
effects! Arid here, instead of giving you a short an- 
swer, I shall set before you some plain facts, which will 
be sufficient to prove, that the causes which act in 
Electricity are not new, but very common and familiar 
to us ; arid that we cannot deny them without denying 
our senses. 

When a person electrified presents the point of a 
sword to you, you feel a blast of air from it very sen- 
sibly; and to convince yourself that this is no decep- 
tion, let a bason of water be placed upon the ground, 
and let the point of the electrified sword be presented 
downwards near to the surface of the water, the blast 
from the point will riiake a dint in the surface; and_ 
the same,*being directed toward the 'flame of a small 
lighted taper, will blow it out,. If any doubt should 
yet remain (for some plain things require a great deal of 
proving) let us appeal to the air-pump. Place a vessel 
of water under a glass receiver, and point an electrified 
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wire towatd the surface of the watfcr as before, the 
dint on the surface will appear as it did from, the sword; 
but exhaust the air and the point will now make no 
visible impression. Therefore that impression was 
made by the matter we have exhausted; and that 
matter being air, it appears that air is an agent in our 
electrical experiments. It is farther worthy of qbser- 
vat ion, that light bodies, which are attracted while the 
air is in the receiver, are not attracted in vacuo : foe 
hence it must appear, that whatever the manner may 
be, after which the air may act or be acted upon, it is 
necessary to the effect. This was observed and affirm- 
ed by one of the first operators in the science, an in- . 
genious man to whom we are under great obligations, 
I mean Mr. Haiiksbee. He was of opinion, that in 
the case of an attrited globe or tube, " the external ' 
*• air is necessary to carry th^ little bodies which .r«;e 
" say are attracted towards the tube. For if by the 
" heat and rarefactiop consequent upop the attrition, 
•* the medium contiguous to the tube be made specifi-* 
cally lighter; then of cour§e to keep up the balance, the. 
remoter air, which isdencer, must press in towards, the 
tube, ^nd carry away the little bodies lying in its wa.y 
^' thither also,"* Dr. Priestley wrote a ponderous book, 
which he calls a History of Electricity ; but he is not 
a man from whom we should expect either a fair ac-^ 
count or a judicious performance. He pretends to 
give an account (and a confused one it is) of Hauksbes 
ftnd his experiments; but says not a word of this hi^ 

* See bis Experiments, p. 2ik 
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. idea of electrtc attraction. Priesttey^s hook apptars to 
have been compiled with a factious intention, Mirhich 
tempted him to suppress, or magnify, or depreciate, ai 
he should find occasion; that he might keep the 
science as much as possible within the few hands of 
himself and his party. Mr. ffauhbee*s Was a rntional 
conjecture for the time, and near the truth, but not 
quite accurate. Electric attraction is still a subtile 
phenomenon, which will be imperfectly understood 
^fter all our trials, I can see that more are wanting 
even at this time of day; and there is one circumstance 
relating to it, which is very remai-kable : that although 
the power of Electricity be an efftisioTiy working ouU 
icards from the machine, t\\t first motion of bodies is 
imoards toward the machine, they being universally 
attracted before they are repelled; which being a fact 
of great consideration, I shall have something particu-^, 
lar to say upon it in another place. 

Experiments teach us farther, that the electric Fluid 
is the same with that which gives heat to bodies. Of 
this 1 was bnce in some doubt, having found that a 
thermometer was iiot affected by its motion; whence I 
supposed that a fusion of metal by electric force might. 
he a cold fusion, as had been reported of fusions by 
lightning, I therefore desired a friend, whose appa- 
ratus was very compleat, the late ingenious Mr. Tle?iley^ 
F. R. S. to shew me the capital experiment for this 
purpose by exploding a small wire, and catching some 
of the liquified sparks upon a sheet of writing paper, 
which he did accordingly ; and a very fine shower of 
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fire fldW about the room, th6 sparks of which ajjpeared 
to havfe sccjirched the paper in several places* as any 
other Are would have done. We now understand, 
that when the electric Fliiid is compressed, by be* 
ing forced through too small a channel, it then acts 
as fife : bodies are violently heated by it, and even 
ihelted with a burning fusion, as we see in this experi- 
ftlent of the exploded wire. A mercurial thermoiyie^ 
ter also, though not sensibly affected by being electri** 
fied in the ordinary way (which was the occasion of my 
mistake) may be made to rise thirty degrees, if the 
shock is made to pass through it after the inanner de* 
scribed by the late ingenious Mr. George Adams : See 
his Lectures Vol. IV. p. 390. It is certain then, that 
the electric Fluid gives heat : that it will fire tinderi 
light a candle, kindle gunpowder, &c. Some philoso- | 
phers have long supposed, that motion is the cause of | 
heal : so it is ; but this happens only because fire is \ 
moved. The heat which arises to solid bodies is not 
immediate in themselves, but in the matter which pe- ^ 
netrates and acts within them. This the electric Fluid 
being able to do, is occasionally excited to the con- 
dition of heat, and is therefore one of the modes of 
fire. That which has the properties and effects of fire, 
should be called fire, when we speak of it as a Fluid ; 
otherwise we shall have two things in nature, with the 
same properties, and to serve the same ends, which is 
by no means agreeable to sound philosophy. It is 
n<»w time that the late doctrine about fire, which 
taught that fire is nothing in itself, but tlxit the parts 
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of solid bodies- in motion are called fire, shoiiM be 
laid aside, as obscure, \anphilosophical, Bxai contrary 
to experience. I have often wondered at thedispo-. 
sition which has discovered itself in Mathematicians 
of modtrn days, to annihilate fire, and turn it into 
tnotion;. though it be without question* the universal 
fluid of the world. Galikeo argued, that it was 
hitbcrio doubtful whether there be any such elevient 
cs^fire.* 

Instead of producing so many facts, to shew that 
,thc fclectric Fluid is fire, I might have contented my- 
self with referring you to the many authentic accounts^ 
tvhich assure us, that the fire of Lightning and the 
fire of Electricity are the sanie, and may be substituted 
the one for the other; for in that case we have nothing 
to do, but to prove that Lightning is Fire : and did 
anybody ever doubt it? By an aerial conductor 
we can take it out of a cloud, and perform the same 
experiments as when it is excited in the ordinary way 
by attrition of glass. Wh^t we take up in a drinking 
glass from the ocean is not more surely the matter of 
water, than what we take out of a thunder-cloud is the 
matter of. fire. 

It must have been observed farther, for we cannot 
help seeing it, that the electric Fluid is luminous and 
shines as light, the same with that of the sun or a 
lighted candle. And here again it would be as un- 
philosophical to allow of two sorts of light m the ere- 

* Dico primum, esse dubiufla adhuc, an sit Ek*nientum aliqood 
JgnW. Op. 1635, p. 4'iJ7. 
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at ion, as two sorts of fire. But I may convince yoilby 
a'n experiment, that the electric Fluid is not only a 
luminous body, but that it is really and truly^thc body 
of light, such a5 we have always been used to, because 
it hds that property which is characteristic of light* 
By the refraction of a glass prism, the rays of the sun 
life separated into , seven colours ; three of them pri- 
mary or simple, and four compound. From which £ 

• 

thus argue; that if the light from the sun is thus se- 
parable into colours, and the light of Electricity is 
separable into the same, we are to conclude, they are 
both of the same matter. The experiment is made in 
the following manner : We present a non-electric to . 
the conductor within less than the striking distance j 
in which case a succession of sparks will succeed one 
another so quick, that they appear to the eye like one 
Continuous line. View this through a prism of glass, 
and you will see the same coloured spectrum, as if the 
rays of the sun had formed the object.* Therefore the 
solar light, and the electric, however they may shew 
themselves, are the same in kind^ as surely as the 
noise of thunder is the same in kind with the noise of 
the Leyden bottle. After this, it is hardly worth while 
to mention, that if you hold up a leaf of gold between 
your eye and the window, the rays which pass through 
It are green; and the sparks drawn from gold have the 
same appearance^ 

* This*experiment was published by Dr. Priestley as an origi- 
nal experiment of his own, though it had been published several 
vears before. 
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If thesffi things are s^» iet us agree, that the light 
nrhich Electricity €xbibit5> is not a new cbipposition, 
\iut the old light) vf^hkk has 4owed from the Sun, and 
flashed Iq the Heavens, and shpn^ ia the Rainbow, 
from the beginningof the world : ^nd that if it be com* 
pared with Lightning, it hai the same effects and the 
same appearances. As the sun which now shines 14 
the Heavens, is the old sun which shone upon our fore- 
fathers, so is the light which now shines in Electricity 
the old light ; and we shall not be aWe to change it$ 
nature by putting some new name upon it : its mode 
of acting is indeed newly known to us, and well de- 
serves to be studied. The wise men of France have 
put new names upon the days and the seasons ; but, 
God knows, they have mended neither the times nor 
themselves. They have divided the month into thjoce 
decads, instead of four Sabbaths : but the moon has her 
four quarters as she had formerly, and will have them 
to the end of the world. No whole number will divide 
her monthly period so truly and properly as the num- 
ber 7; and they who would change it for a better^ 
should give us a new arithmetic ; which, among the rest 
of theirextravagances, I wonder they have not attempted. 

I have now answered the question T proposed at the 
beginning of this letter; and shewed you that the 
power, which acts in electricity, blows^ and burns, and . 
shines: let any man prove, if he can, that it does not. 
With this, for the present, you will be satisfied j and 
believe me, dear Sir, 

Affectionately yours, &c. 
January 6, 1797, 
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Sir, 



JL HE design of my last letter was to shew 
what it is that acts in Electricity: I am now to pro- 
ceed a step farther, and inquire how it acts, You haviK 
seen,, that how various soever effects niay ht (of which 
there is no end) the causes are such as have always 
been known. They appear to us under a new charac- 
ter, but they are still the same. We might disguise 
them by giving them new names: but real knowledge 
would thereby be rather confounded than improved. 
When a ship is blown up, you may tell meitis^w/z- 
powder that does it ; and that gunpowder is a compo* 
sition found out in modern times,, and composed of 
certain ingredients in such and such proportions. But 
I say, no: I say the ship is blown up by a flash oifiri 
and a blast of air ; and that gunpowder is np more than 
the vehicle in which these powers act. This is a solu- 
L tion of less shey and verbosity : it i^ embellished nei^ 

ther with oxygene nor caloric^ nor any other term 
borrowed from the mysterious vocabulary of the new 
Qapnologyx but it declares, in old terms* the whok' 
secret at once, and is agreeable to truth and* fact; »9 
such I am content with it. If you please, you n^ay; 
fill a book with receipts for making, and directions for 
kindling, and rules for applying- the forf:e of gun- 
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powder; and for so doing, I will allow you to be ait 
expert man, and that you instruct us farther in thq 
works of art; but you go no farther into the causes of 
Nature than I do. Their action under the form of 
gunpowder, and their action upon the stage of Elec- 
tricity, is such as the world was not formerly acquaint- 
ed withr. They did not foresee, that art would so 
nearly imitate the force of z volcano, and the action 
of a thurider-eloud. 

But we are now proceeding to a part of the subject, 
which will oblige me to take a large compass : for when 
we inquire how these causes act, we have a wide field 
before us, where nothing is to be explained, unless the 
following doctrine be admitted as a foundation; that 
in all free spaces, and' within the pores of all bodies, 
whether solid or fliaid, there exists a subtile aether or 
elementary fire, which, while at rest in equilibrio, 
seems to be doing nothing; but is at the same time- 
silently at work in all nature. Till it is disturbed, or 
thrown out of its balance, it does not show itself; and 
even then> we know it net in its tetal force, but only 
in its accidental- rf/^hr;2ce5'; for its total force is such, 
that unless it were counterbalanced, it woufd crush 
the world. 

' If there be two equal scales, each of which carry a 
weight of lOOlbl they are at rest : but if you place 
the weight of half a pound in either of the scales^ 
the one goes down, the other up, but only with this 
force of half a pound; and if we should conclude this 
to be their whole force, we should be greatly mistaken-. 

^ It 
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It is thus with.the forces of electricity; we dkcoyer them 
ia their differences.; but eyen these on certain occa- 
sions are such a5 are attended with great effects. Hqw 
these differences are made to appear, I siiall explain to 
you on the principle Ihave already laid dowja. 

In that ocean of invisLbb elementary fire, whereia 
we live and move, we place a m^chine^ and turn a 
globe or cylinder of glass. When the glass is turned 
about, the element, in which it revolves, follows it; as 
when a grindstone turns in a trough of water: and so 
long as thie revolution of the fluid is uninterrupted, 
pothing is done^ whence we might ignorantly con- 
iqlude, that the glass revolves in nothing'. But if we 
apply a cushion to the surface of the jglass, and make 
4 stoppage or dam, the medium, which could before 
jflow freely, is now separated into two conditions, ancj 
consequently put out of its natural state. Part of it 
<:an pass the cushion, and part of it cannot. To the 
cavity within the glass ^bne of it can escape; because 
glass is a substance through which it cannot pass freely^, 
being partly hindered by the air incumbent on the in- 
ner surface of the glass, and partly by the structure of 
the glass itself, which is of sui:h a constitution as not 
to admit it. The fluid tlierefore whiph surrounds the 
glass and moves with it, cannot be a$ it was before: it 
^s stopt by the close contact of th^ cusliion, and as it 
were strained into a new state; I say strained, for I bcr 
Jieve this circumstance to be ]a chief part of the secret^ 
When Electricity first came into observation, it wa^ 
ft^ural to imagine, that the effect was excited by aiji 
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fiUrition of the rubber upon the surface of the glass, 
pither working upon the a?>, or putting the parts of 
the glass inj:o an unusual agitation, so as to make them 
emit effitiviay §:c. But farther experience shewed ano- 
ther thing : for if the separation takes place, the attri- 
tion is of little consequence. A rubber of a proper 
length, though it were but a line in breadth, would 
fnswer the purpose, provided the contact between tha$ 
and the glass be as perfect^as possible; which i^ greatly 
promoted by rubbing over it an amalgama, or mixture 
of zinc and quicksilver about the qonsistencc of an un- 
guent: or %pmt aurum mmivum may. be ysed; than 
which nothing can apply more closely to the smooth 
surface of the glass^ as is found by long experience. 

But now there comes before us a circumstance equally 
certain and extraordinary; for as soon as the separation 
commences at the cushion, there commences with it an 
indraught o( the sapie fluid; \yhich must be supplied 
through some channjcl, which forms a communication 
between the cushion and the body of the earth. A 
communication with the atmosphere is not sufficient : 
there .must be a cpmniunication with some non-elec- 
trie body : and that body must communicate with the 
earth itself, which oij account of its magnitude can 
furnish a constant supply, without suffering any sensi- 
ble alteration in itself; so the fluid comes freely froni 
thence through the pores of any non-electric, in quan- 
tity sufficient for all our purposes, and at all times, as 
from an inexhaustible promptuary. In a word, it 
comes from the world to the machine, not from the 

machine 



r. 



{ 21 ) 

machine to the world, as was at first imagined* 'To 
prevent the electric flux from being dissipated after it 
ha:s passed the cushion; a skirt or flap of prepared silk 
is added to the cushion, which covers the glass more 
or less according to its size; and in this form an elec* 
trie machine will do its work, but never so compleatljr 
as when all is perfectly clean and dry, and warm from 
the fir e^ The fluid thus collected and in motion wHl 
make its way into all non-electrics near enoygh to re- 
ceive it, and be equably diffused through their whole 
dimension at once. Into the air, when dry, it will not 
evaporate, but by degrees and slowly : for the pressure 
of the atmosphere is the antagonistic power which con- 
centrates and confines electrical, as it does commou 
fire : and this pressure will have its effect in keeping in 
the electric fire, though a bar of iron be red hot, nearly 
th-e same as if it were cold. Let a bar of iron be made 
red hot: only in the middle \ we shall find that the elec- 
tric Fluid will pass from end to end without interrup- 
tion. This does not prove that fire and the electric 
medium are two things, but only that they are twa 
different modes of the same thing, as wind and sound 
are two modes of air,, which give no interruption to 
one another. The effect of the atmospherical pressure 
is greatest when the air is dry : but if it be totally 
withdra\Vn, the electric matter which is communicated 
flies off, for the same reason, as an heated body grows ' 
cool sooner in vacuo ; air being in all case? the antago- 
nistic power to fire. This is the reason why the mat- 
ter flies off so easily from a sharp point ; ihe pressure 
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of the air being little or nothing upon it: but the form 
in which it goes off is worth observing. It is that of a 
cone or brushy which cone is always attended with a 
blast of air, in a direction from the point outwards; 
which direction in the air must denote the same diriec- 
tion in the cause. For this reason, a blowing point is 
always supposed to give^ while a receiving point is 
marked with a small star, or luminous ball upon the 
end of it. 

The escape of the electric matter in vacuo is attend- 
ed with this curious circumstance, that instead of di- 
verging, as when the point blows in air, it goes right 
forward in a line^ This it never would do, if the parts 
of the fluid were endued with any quality of repelling 
each other, to wiiich the elasticity of a fluid is com- 
monly ascribed: for if it were what we term elastic^ it 
would shew itself to be so when it is most at liberty. « 

It is a great entertainment to observe^ how power^ 
fully the internal parts of glass are affected, when the 
electric spark is repeatedly applied to them. Let a 
thin receiver of glass of some length be well exhausted 
of its air; then let the spark be repeatedly.directed tQ 
ODe point of its superficies; after which, if it be rer 
moved into the dark, it will be seen to ilash of itself by 
intervals for a considerable time; as if the parts of the 
glass had been disturbed in their natural situation. (as 
they certainly had) and required some time to recover 
of their vibrations: in doing which they .sometimes fly 
to pieces. When these compound experiments of the 
higher class are repeated, they will not always be fgunc} 
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to answer, by reason of some slight differences in the 
apparatus of different, persons; but the ramifications- 
of light, which play withinside an exhausted glass when: 
its outside is electrified, are commonly knoWn, and are 
extremely beautiful. 

Great pains have been taken to measure the velo* 
city with which this fluid passes through the internal 
substance of bodies: but that question could never be 
resolved; ^nd it has been pronounced instantaneous- 
And there is a remarkable circumstance, in which Elec- 
tricians were formerly well agreed; that its force is 
rather increased than diminished when it passes to a 
distance; which could not possibly happen if this mat- 
ter were affected by a vis hiertia^ either in itself or i» 
other bodies. It certainly flies upwards or downwards, 
to the right or to th^ left^ with equal fo^rce and velocity. 
A matter of such force^ acting according to no knowi> 
laws of gravity, projection, or attraction, is a newphaDao- 
menon in the regions of natural philosophy, and must 
disturb people in some opinions wherein they have 
long rested : and on this consideration it is to be feared 
there are those among the learned to whom it hath not 
been a very welcome guest. ^ 

When I say that the electric fluid is subject to no 
attraction, I do not mean to deny the flict, that in 
Electricity bodies are by some means or other drawn 
towards one another: but I mean that the fluid is^ 
subject neither to attraction nor repulsion in itself. 
Repulsion has indeed been ascribed to it, as it also hatli 
to the air; but 1 believe it to be neither in the one nor 
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in the other, in the sense commonly intended; but 
that apparent repulsion is occult extension. ■ If elec- 
tric matter were actuated by any such power, it would 
discover itself most in vacuo, ^4?here we see nothing 
of it, . 

I am now coming to a part of our subject which has 
never been touched, so far as I can discover; and I 
have turned over some books with this view. It is an 
allowed law of nature, that from any space, which is 
filled with any medium, nothing will come out till 
something is ready at hand to take its place. Thia 
used lo be called nature's abhorrence of a vacuum. 
When the electric medium flows from the conductor 
of a machine, some other matter must have access to. 
it, without which the efflux can neither begin nor 
continue. It has been a question with me, in which 
of these two the motion begins ; or whether it begins in 
both at once, as when the opposite sides of a wheel 
begin to move in contrary directions at the same in- 
stant. From what appears,, the first impulse is toward 
the machine, and I was induced to think so by the fol- 
lowing experiment . 

The jet of water, which springs from an artificial 
fountain, is observed to take three different forms. 
When left t6 itself, it ascends in a small column, till 
toward the top it breaks into sprigs or drops,, which 
diverge a little and fall to the ground: this I call its 
first or natural form. When it is electrified, the sprigs 
begin to diverge near the bottom of the column ; and 
may be made to spread themselves over tlie room, much 
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after the form of a weeping willow: and the whole field 
of natural philosophy scarcely affords a more beautiful 
spectacle: I call it the electrical Tree. This is the 
second form. But there is yet a third different from 
both. For if the wheel of the machine be stirred very 
gently, so as to render the power perceptible in its be-* 
ginning, it is then seen that the first impression l^from 
without : for the jet instead of diverging at the top after 
its own natural way, shrinks back upon itself, and re- 
sembles the head of a club. This is an easy and sur6 
experiment, which never fails, if the wheel be gently 
moved at first : and it speaks to us a language of great 
importancie. For from hence we learn, that the power 
of Electricity is inwards before it is outwards: and 
farther, that as the two artificial forms are two stated 
of Electricity ; so is the common or intermediate form 
a state of Electricity j the natural state; in the pro- 
ducing of which we have no share: and if so, the na- 
tural state of the world is a state of Electricity; that 
, is, the electric element is silently and constantly regu- 
lating the motions of nature, whether we observe it 
or not. 

Being desirous of seeing this order of the powers in 
Electricity farther confirmed, I made the two following 
experiments. I fixed a pointed wire to the conductor, 
and held another point directed toward the condudor 
in my hand. It was always observed, that the point 
in my hand-shewed its light first. It is scarcely neces- 
sary to add, that this must be done in the dark. When 
bits of light paper were pJaced, one on the conductor, 
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and the other on a stand, two or three inches below 
the conductor, and the wheel was gently moved as in 
the experiment of the fountain, the paper on the stand 
always flew toward the conductor before the other flew 
froqi it. But after all, what need is there of this trou- 
ble ? for does not every spectator see that light bodies 
are always attracted before they are repelled ? whence 
it is evident that attraction is first in order. 

While I have been thus inquiring which is first in 
order, the afflux or the efflux; hypothesis denies that 
there is any afflux at all; affirming that it is all efflux. 
The Abbe Nolle t persisted in the doctrine of an afflux^ 
for which Priestley paid very little regard to his au- 
thority. Dr. Watson saw the reasonableness of it very ' 
early, and took great pains to prove it. He suspended 
upon silk lines both the machine and the man whose 
hand excited the globe; wliich cut off' all communica- 
tion with the earth : and in this situation the man and 
the machine produced little or nothing. But when- a 
person standing on the ground touched the conductor 
with his hand, the man at the globe yielded sparks. 
This proves that the machine is without a supply, till 
it is furnished by the person who stands upon the 
ground. What he furnishes comes in a direction to- 
ward the conductor; and this is what we mean by an 
afflux. How, it came to pass (if it really did corne to 
pass) that Dr. IVatson when he had demonstrated this 
principle, did not keep fast hold of it, is more than I 
can explain: but, according to Dr. PnV^//^;^'^ account 
of things, he gave it up. Men are struck with facts 
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at their first appearance, and they speak a plain lan- 
guage about fhem : but when hj^pothesis comes in, and 
fashion gathers strength, they change their opinions. 
To me this experiment either proves an afflux, or it 
proves that there is little use in recurring to experi- 
ments for information; and that experimental philoso- 
phy may be as uncertain, as any other. The experi- 
ment of Dr. Watson is really nothing but the common 
experiment reversed. In the ordinary way, a person 
stands upon the ground; he rubs the glass; and sparks 
are taken from the conductor. In Dr. Watson^ s way, 
the man suspended on silk lines has the place of the 
conductor; and so every common experiment proves 
the same with the operose experin:ient of Dr. Watson. 

Bef6re 1 can attempt to explain the double force, 
or shock of Electricity, I must lay down some prelimi- 
nary observations. The matter of Electricity is differ- 
ently received by bodies of different constitutions, 
which we distinguish into electrics and non-electrics. 
In the former class are amber, glass, resin, pitch &c. 
and these are held to be impenetrable by the electric 
medium. The non-electrics are metals, water, hnen 
&c. which give it a free passage; and are therefore de- 
nominated conducting bodies, or conductors. In its 
degree this distinction is true; but it is subject to coii- 
ditions : for electrics become conductors, when we 
change- their condition in respect of heat and cold. 
Glass when red hot gives a free passage to electric fire, 
as other bodies do; its constitution being then relaxed, 
and its pores more open^ which is the best reason we 
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can give, I, say then, that glass, which can beconie 
totally^ penetrable, is neverjotally impenetrable; but 
more or less so, accorHing to the state of the fluid in-» 
closed within it. The electric Fluid can resist itself, 
though it is not resisted by other bodies: therefore 
what happens to it is not to be imputed to the bodies, 
but to the condition of the medium within them. I 
premise this, because it is necessary to a solution of the 
Leyden experiment, or what is called th^ shock. This 
shock happens, when an equilibrium, which had been 
interrupted, is suddenly restored. That an equilibrium 
is restored^ nobody will wonder, because it is the effort 
of nature to preserve it. But how is \t interrupted? 
Hene lies the whoje difficulty. I find then that glass, 
commonly supposed to be totally impenetrable, can 
be so only to a certain degree. That the fluid passes 
it with difficulty is certain; but when it has done this, 
the two sides of the glass are in two different con-* 
ditions; the medium is divided into its two constitu- 
ent parts; which parts are by nature always mixed 
together in due (and perhaps in equal) proportion. 
These two will not part without difficulty, and under 
particular circumstances; and as soon as the way is 
open, they will unite again with violence; which vio-» 
lence is more or less, according to the difference which 
had taken place betwee.n them. 

Two different powers in Electricity are so manifest, 
that as to the fact itself we ^hall meet with no oppo- 
sition; but in defining the fact, people differ very 
much, $ome call these powers tnoro and l^ss % positive 
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And negative; vitreotis and resinous; others are con- 
tented with calling them powers, and say they arc 
contrary. Two things they certainly are not; for in 
kind both are the same; but they differ after a parti- 
cular manner J of which our senses have not hitherto 
furnished us with an idea; and when we talk without 
ideas, words are but of little use. If we call the one 
A, and the other B, we shall explain as much as We 
know, without the danger of speaking falsely. 

In a case nearly allied to this, I and all mankind arc 
forced to be content with a knowledge of thtjacli 
because a re^3f^(7W cannot be given. When the white 
rays of light are parted by a prism of glass, one ex- 
treme is redj the other blue : they are differently re- 
frangible;* they affect the eye with different powers; 
and when the glass is no lohger interposed, they unite 
immediately, and become as they were before. Nature 
is here put out of its course by the interposition of 
glass; and discloses to us a wonderful and beautiful 
spectacle. But if any one should require me to define 
what and why these colours are, and how they came to 
unite so immediately after they had been separated, I 
am totally at a loss, and must rest myself upon the 
fact. The case is the same in Electricity. The inter- 
position of glass separates two powers^ which we did 
not perceive before : but what they are in themselves, 
and in what respect they differ, who can tell } One of 
them may be derived upwards, from the body of the 
earth, and be in its quality terrestrial Electricity ; the 
Pth^r may be derived from the sky^ and b^ celestial^ 
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aerial or solar Electricity : but from whencesoever 
they may be derived, they part with difficulty, and 
unite with violence. This is sufficient for our pur- 
pose. 

Let us say then, that if across a current of electric 
aether, as it is conveyed from a machine, a square of 
thin glass be interposed, this sether is not absolutely 
stopt, but so checked, as to be divided into its two 
powers ; which are now resident on the different sides 
of the glass, and kept there by the pressure of the air: 
for if a vacuum be adjoining to the upper side, which 
I call A, the glass will not be charged. By the action 
of the machine on the glass, and the re-action of tKe 
glass on the machine, things are brought to this state. 
The experiment is commonly made with a bottle or 
jar of glass, coated on each side in such a manner that 
the sides cannot communicate : but whatever the form 
may be, the sense of the experiment is still the same. 
When a communication is made between the two sides, 
they neiUralize each other, like acid and alkali^ which 
meet with a similar commotion. 

Frequent inquiries have been made, to determine 
how these two powers meet ; that; is, which goes to 
the other, when the communication is open. Call the 
power next to the machine, which is commonly the 
uppermost side of the. glass, A, and the opposite B; 
reason will assure us, that if there be an accumulation, 
it must be at A, where the force is directly applied, 
rather than at B; and that the equilibrium is restored 
in a direction from A to B. Yet arguments are 
brought to prove that they restore each other by a re- 
ciprocal 
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ciprocal motion •, and that B does as truly move, in the 
article of the shock, towards A, as A towards B. But 
instead of pursuing this, I shall mention to you a curi- 
ous fact ; which shews, that the two powers may change 
places, and the Leyden experiment may begin with B as 
well as with' A: and if so, that neither of the powers 
can be negative^ but that they are both active^ and 
therefore both positive. Charge a Leyden bottle fully, 
with a chain hanging from the outer coating to the 
floor. When the botlle is charged as far as it will ad- 
mit, unhook the chain from its bottom. The outside 
is then in the condition which is called minus : but 
from this minus, another bottle may be charged as the 
first was, and both in appearance will yield a like ex- 
plosion. This seems decisive against 7;/?/^ and minus. 

The permeability of glass may be inferred, by com- 
paring the different modes of performing the Leyden 
experiment. The same effect which is produced by the 
interposition of a plate of glass, may also be produced 
by the interposition of a plate of dry air, which is ano- 
ther electric body: but whether the experiment be 
made with glass or with air, the cases must be similar, 
and the principle one and the same. If so, the permea- 
bility of air will infer the permeability of glass *. 

* The Rev. Mr. Lyoriy of Dover, asserted the permeability of 
glass, and produced an experiment to shew it. He discharged a 
Leyden phial and completed the circuit through a plate, of crown 
glass without breaking it. This the reader may see in the account 
he gave of his experiments. The authors of a periodical publica- 
tion, the partizans of Drs. Franklin and Priestley, contradicted and 
misrepresented him in a very illiberal manner; and it is not in my 
power to settle their diflercnces. 

To 
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To compare and rectify all that has been advahccd 
for and gainst the two powers in Electricity, would be 
an endless labour: we should be bewildered and lost 
amidst a contriariety of words, fects, and opinions. Two 
powers, call them what you will (any thing but nega- 
tive and positive) are separated out of the same 
medium; and do after their separation unite with vio- 
lence: and when this is known, we have reason to be 
assured, that the same powers which do this, must do 
many other strange and important things in the na- 
tural world. I have little inclination to multiply terms 
after the number which this science has already 
brought into use : but it might perhaps be of some ad- 
vantage, if we were to call the stream first excited, by 
the name of si?igle Electricity; and the shock from 
the tWQ powers double Electricity. Before I conclude 
this letter, I shall offer a few words on the effects of 
each. 

By single Electricity, the electric motion of nature 
is increased; as the heat, natural to the atmosphere, is 
increased when we light a fire. When a person is 
electrified, the course of his blood is accelerated: when 
a plant is electrified, its vegetation is promoted: when 
a vessel of water is electrified, its evaporation is increas- 
ed ; like as when it is heated over a. fire, but in a much 
smaller degree: consequently the perspiration of an 
animal body is promoted, for that is one species of 
evaporation. A leaf of gold may be suspended between 
two plates of metal; and in that situation it must be 
between two forces equally balanced. Fragments of 
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toaf gold, or other light bodies, may bfeieveaisuspeftdci 
in the air near to a conductor, and are sometimes ob* 
^QTved to be whirled swiftly arotitid it. This sight 
estx)nished Stephen Grey. He saw a disposition in 
bodies to revolve about an electric centre, isuid wafe 
transported with it; but could not reduce it to any 
thing l^eguhtr. A downy feather islectrified is extended 
in every fibre, as if it were 1 plant growng oirt of the 
«rth in full vigour: but when thecufitnt of the fluid 
is withdrawn, it falls flaccid; as a piantdoteft, after it 
has been separate soose time :ftota the eaitlu The 
silent operation of this universal power in nature ib 
petmanent; it is at wotk day and ought; though it 
miist be subject to a fluctuation, it k not like tht 
force of the wind, which comes and gqes j it rises "with 
a perpetual supply from the body of the earth. N^ 
man tafu doubt, but that the same things which we db 
by art and violence, are constantly doibg in thte course 
of nature* What we do is like raising a sweat: what 
nature does is like insensible perspiration. Every mo- 
ment mustt this power be working upwards feom the 
earth ; aiui having a passage through all vbgetables^ 
it gives them their efrect position. And let me add 
(for such is the order of mture) that a current in ont 
tlirection implies another current in the opposite di^ 
rection ; as the efflux in electricity is always attended 
with an afflux; and if I could not see it, I should ma^ 
ton myself into it by analogy a priori. Even the skin 
of the human body is liable to 'absorption a^ well as to 
perspiration; and strange things are known to happen 
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to CIS on this ptinciple. Tn like manner, if the e4rtli 
^perspires, it must absorb; if there be a force acting 
upwards, there must be another acting downwards 
from the lieavens; and this will account for the de- 
scent of roots into the earth. The two powers will be 
mor^ particularly at work near, to the surface of the 
earth 3 where their counteraction occasions that stub- 
born haiijdness and firmness, which is found at the 
bpttoiQ . of the trunks of trees* and the stems of more 
tendei: vegetables. ^ ^ 

By simple Electricity we are now possessed of a 
method of exhibiting that illustration of the celestial 
motions, to which Stephen Grey so much aspired with- 
out success. We can communicate Electricity in such 
a form, as to produce in a spherical body a revoluti- 
onafyi and a rotatory motion. The experiment was 
iirst made by Mr, Rackstrow^ an operator in Fleet- 
Street, and excitisd much attention. The manner in 
which it is now best performed, is such as I shall de- 
scribe to you. 

A ball about the eighth of an inch in diameter, 
which for the sake of its levity is made of cork, is cut 
with a knife as nearly spherical as the eye can judge, 'j 

and covered completely with a coat of sealing-wax or 
sulphur. This is turned to .an exact sphere and po- 
lished. A circular plate of metal very smooth at the 
ledge is placed on a cake of wax or sulphur about half 
an inch in thickness, and laid on the transferring plate 
of an air-pump; so that the interval, between the 

plate 



\ 



pbte of metal and the rim of the transferring plate» 
may just allow room for the ball to move freely around.. 
To the upper plate a chain depends from the con- 
ductor of a machine s apd as soon as the plate is elec* 
triBed, the ball begins to revolve ^ turning at the same . 
time upon its axis, and continuing its revolutions so 
long as the machine acts upon it. The reason of thc; 
phenomenon is this. The ball is between two powers : 
it is both attracted and repelled : biif being an elec- 
tric body, it can receive the impression only on one 
point of its surfiicc at once; which poin( being con-, 
tinually turned away, and a fresh point being presented^ 
the result of this is a revolution and rotation. Mn 
Grey pleased himself with having discovered, as he 
thought, a disposition in light bodies to move from, 
east to west, like the planets : but that was a deception!. 
This ball revolves either way, as it happens to take the 
first impulse. If stopt in its course, it will begin 
again as often as the operator pleases* I do not reasoii 
upon this fact at present, reserving that for another 
place. 'But I will mention, while it occurs to me» 
that in the presence of two learned gentlemen I made 
the globe revolve (as it did very freely) under a large 
receiver of an air-pump: from which the air bebg e^. 
hausted to twenty-seven inches, the globe would not 
stir. 

The eftects of double Electricity, or what is com- 
monly called the shock, are now so universally known, 
that there is little to be said which has not been said 
before. The convulsion it occasions in the muscles 
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of the body, thrdu^ which it ' passes, cai4 be under^ 
stbod dttly by those who have felt it s and even they are^ 
under a difficulty how to find words to describe it. I 
suppose the fiercest beast upon earth might be iet^ 
iffied by it t ahd I have often wished to see it tried 
t^pon a lion or a tyger, or a furious unmanageable horsei 
it being very probable, that the wildest horse m^ht 
be broken by the/ proper use of it. * I had myself x 
dog, a beast of strength and spirit, but of great good 
Rumour, who having felt it a few times, v^ould nevei? 
»fteF ^dure the sight of a common vial; but would 
fiy at the person who held it towards him, though it 
were his own master; so lasting is the remembrance of 
the sensation. Now as the artificial or violent motion 
of the muscles is the natural motion of them increased j 
the cause <rf the violent is the same with the cause of 
the voluntary. Nothing seems wanting for this pur- 
pose but subtilty and power; and it has them botR^- 
Involuntary cramps and convulsions must surely be oc* 
casioned by the irregular and involuntary agitations 
of fhe same cause that produces the ordinary and vo-. 
Juntary motions. While its powers are balanced, we 
feel*right, and are as if we felt nothing: but if the 
bsflancebe interrupted on one side, we are -sensible of 
a powerful agent, which gives us violent pain. In the 
distemper called the tetanus and opistotonusy the co*i* 
tractioTO or extensions are violent and intolerable. 
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^ Tile shock was given to a h^rse at? Vietilia> wh<v wm ^xk^ 
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The two great meteorological examjdes of double 
Electricity which nature presents to us, are those of 
tixunder, and of the water spout. That thunder and 
the electric explosion are but different degrees of the 
jaine effect, is now well proved, and universally allow- 
ed: but it is difficult to shew how the analogy hold$ 
between that grea.t phenomenon of nature and our exr 
-periments. I would argue thus upon the case: that 
^ the Leyden experiment may be made, not with 
glass ottJy, but with air interposed between two non-^ 
ekctac surfaces; I would consider the clouds above^ 
and the earth beneath, as these two non-electrics, Bsxd, 
the air between them as a plate or medium of separa- 
tion. So long as the air is humid enough* the inter- 
coufse is kept up between the upper and lower region j 
and the changes which happen in meteoi:olo^cal Elec- 
tricity are brought to pass without commotion. Bu% 
when the air becomes very dry (chiefly from beat) the 
communication is intercepted and the two powers are 
separated. . As the clouds assemble and increase, the 
charge above increases till it can be su&tamed no 
longer : when what I called A in the Leyden experi<4 
ment, being redtiiKlant above, white B is re<kiQdant 
1iek)w (or vice vers^) an eruption of fire happens to le- 
rtofe the equilibrium. This is rarely done at one 
ex|^sion, for two reasons: first, because the plate of 
aif when broken through recovers itself again, till 
another explosion makes another breach ; and secondly, 
because the cloud5, whence the lightning proceeds^ 
move f(»rwards in the sky, and pasg over fresh parts, of 
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tlic earth's surface, which require a like saturation by 
a new discharge from above. 

In the Leyden experiment, the discharge is effected 
two several ways : either by the circuit of the wire or 
chain &c. or by a short way, through a fracture of the 
glass itself; which sometimes happens when the chaige 
is over great. In the sky, the effect is brought to pass 
according to both these methods. The explosion* 
when violent, will break through the interposed dry 
air, as it breaks through our glass : but when the rain 
falls frqm the clouds to the earth, the same thing is 
done by the circuit: and perhaps, this may account 
for the difference between the bolt-lightning and tlie 
zig-zag. What I have here said, cannot pretend tdi 
be more than a rough sketch from the imperfect idea- 
I have formed in my mind of this great and complex* 
operation of natyre, to which we arc so frequently 
witneisses. Time^ and circumstances produce varieties,* 
and create new difficulties, which demand more ac^ 
curate solutions than we are or ever shall be able to 
give. Whatever we may presume, but little is known 
with certainty to us in the whole subject of mettoro* 
logy ; from the comet that blazes in the sky, down to 
the luminous vapour that dances over the bog. I am 
nevertheless persuaded, that the compositions, decom- 
positions and recompositions, which happen in atmoss 
pheric^ air, about which the learned have been so in*, 
quisitivc of late, will be found to proceed chiefly from 
combinations, attachments, redundances and deficit 
encies office in its electric capacity^ if our obseryatioa 
shall be able to follow them minutely enough. 

The 
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The water-spout seems to be nearly allied to the 
thunder-cloud ; and to admit of a similar solution. 
Here the two great non-electrics are a dense cloud 
above, and the water of the sea below : and the prepa-> 
ration is either from a preceding heat or dryness of the 
air ; on which account they are seldom 'seen but in 
climates nearer than ours to the sun. From a thun* 
der-cloud a flash of fire restores the equilibrium: but 
here, the communication is effected by means of the 
water of the sea, and the water of the clouds which, 
meeting together, form a column, consisting of two 
twisted or spiral shafts; the one from above, the other 
from below i which whirl together in a furious manner, 
the one ascending the other descending, till both re- 
gions are reduced nearly to an equal temper; when 
the column breaks asunder, and sometimes with a 
flash of light, which plainly indicates what agents were 
at work on this occasion. 

The force of zvhirlzvinds is too great to be accounted 
for by that force of the air which arises merely from 
rarefaction and condensation. I would rather suppose 
the water-spout to be a wet whirlwind, and the whirl- 
wind a dry water-spout. , They both partake of the 
same whirling motion; they both pass forward in a 
line 3 the one over a tract of land, the other over a 
tract of sea. Lightning itself seems to partake occa- 
sionally of this spiral motion : it having been frequently 
observed, that trees rent by hghtning nave borne the 
marks of having been twisted and wrung asunder, as if 
two contrary powers had acted upon them at once. 

And 
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And thfe h mote, agreeable to the workings of n*tllrc> 
than that a gyration should ensue from the motion of a 
single power. All tddies whatsoever are most na*» 
turally formed by the meeting of two contrary currMtSi 
I trouble you np more at present with the effects of 
Electricity, natural or artificial : intending to go a step 
farther in another ktter; in which it shall be inquired 
(and that not fttciiously^ but as candidly and rationally 
as I can) how these things agree with some opiniont 
which are commonly admitted; and how fat gystedaa* 
tical philosophy may be corrected by them. So loog 
as Electricity gives us nothing but a new sight^ we art 
children: if it gives us new truth, it may turn us iat$ 
men. Popular error, if it stands in our way, will not 
suffer us to proceed unless we can remove it : my next 
letter will show you what I mean : till when believe me 

Your most obedient Sec* 
January 12, 1191. 
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.T was obaervted in my last letter, that a 
Ibroe, soch as wt discover in Electricity, acting; by no 
kaowH laws of projection^ gravity, or attraction, must 
aflfect some c^inions commonly received in natural' 
philosc^y : therefore you must prepare to hear me 
u6th patience^ 

There was a time, when the two queUities of attrac- 
tion and repulsion^ comidered as agents of nature, were 
thought nearly sufficient to govern the world : they 
were ;accordiiigly applied, as to all other things, so to 
solve the new a/nd wonderful appear£inces in Electricity* 
A fepvdsion was supposed between the particles 
of the electric fluid, and an attraction between them 
axid all other t>odies. This was short and easy: but 
neither of these positions are true : for if the particles 
of the electric fluid repelled each other, they would do 
it most in vacuo, where they have most Hberty to ex^^ 
ert themselves. But this does not agree with fact ? 
they diverge most in air, and go in parallel lines 
duough a vacuum^ There is another £ftct of greftt 
magnitude, which does not shew that they are at'^ 
tmcted by other bodies: for if that were true^ bow 
could they flow so freely, as they are observed to do, 
^om the vast body of the earth ? If it attracted thenu 
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it would retain them ; but from the earth they tktc 
drawn away more easily than from any other body. 
The electric 'fluid is therefore not directed in its mo- 
tioiis by these qualities, but by certain laws of im-» 
pulsion, whatever they may be. , When Stephen Grey 
and Mr. Wheler first made their experiments, it was 
not to be'wondered at, that they never reasoned right; 
for Electricity did not agree with any of the pre«con« 
ceivcd notidns of philosophers. And this we may say 
without any .offence to the fame of Newton. Tim& 
has brought forth many strange things; but the great 
work of Newton will always stand the first in its kindy 
which the capacity of man ever did or ever will prq- 
duce. Give him ground to stand upon, and he moves 
the world. With all the properties of the coi^ic sec- 
tions, and the most profound applications of them, h€ 
plays as freely as the whale plays with the waters qi 
the ocean; sometimes near to the sur&ce, and some* 
times at the bottom of the deep^ whece none but .(he 
inhabitants of the same element can follow him. His 
genius had this great advantage, that gravity, call it 
what you will, must be admitted as an actual force in j; 

nature. It must also be admitted that the joint efiects 
of compounded forces may be so demonstrated, that 
the conclusion cannot be denied. But here in Elec- 
tricity, we have a power doing mighty things, of which 
power the laws are not yet settled, and perhaps never 
will or can be, so as to be measured and computed » 
Of this new power we may be permitted to say some<^ 
thix^ ina new manner^ without intending any offence 
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to the fame ofNvwton'. At the time when he surprized 
the world with his discoveries, the philosophy of 
Des Cartes was. in possession: who went upon the 
hypothesis of a subtile matter in the universe, acting 
with a vortical motion ; which vortical motion Newton 
demonstrated to be not agreeable to the laws of na* 
ture. Hypothesis vorticum is the philosophy he op* 
poses. That he was an adversary to subtile matter^ 
does not appear; but the contrary. In Mr. Gates's^ 
|>reface indeed, all subtile matter is discarded from the 
cireation with an high hand : but that is not Sir Isaac 
Newton-^ it is Mr. Cotes; who affirmed too hastily, 
that no such thing could be proved to exists either to 
the sight or to the touch. How the fire and force of 
, lightning came to be overlooked, as not existing, or 
not appertaining to natural philosophy, is a difficulty 
for which I shall not endeavour to account. Mn 
Cotes was admirable at hydrostatics, and many other 
things; hwi pyrostatics^ which ought to stand first in 
order of nature, are a study for which the learned were 
not so well prepared then as they are now. The pos- 
ture of things is very much altered : we have a subtile 
matter risen up, as evident to the sight in a private 
chamber, as the lightning itself is in the sky; as evi- 
dent to the hearing, as the noise of thunder or artil- 
lery ; and whether it be evident to the touch, let any 
person judge, who has felt the force of it. Here then 
we have a matter disclosing itself to the sights thq 
hearings and the touchy by its appearance, its ooise, 
apd its force ; that it is subtile inatter, none of ys can 
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deny; for it passes through iron and brass; and If it 
IS resisted in glass, it is resisted by itself; for the ma- 
terials of glass in their raw state, discover no such dis- 
! position to resist it : and if they resist it in the form of 
I glass, it must be because the glass brings with it from 
I the fire the same* sort of matter, seated and fixed in its 
Substance, after a manner we cannot understand; bu* 
which gives such an arrangement to its parts, as ia 
necessary to its transparency; and occasions those un- 
* expected and obscure fractures to which glass is liable 
1^ without any visible cause. That it is matter^ is-cer-' 
I tain ; because it is resisted ; which could not happen 
I if it were nothing: and its suhtilty is equally certain, 
because in other cases it is not resisted, but moves ad 
^freely as if it had a power over all other matter* 

Contrary to the positive assertion of Mr. Cotes then, 
there isasubtilematterexisting; and existing everywhere 
in all places and in all bodies; and by what arguments 
soever it might once be discarded, it is now come agiain, 
and will remain with us to the end of the world : and he 
who thinks it may be left out, and that philosophy 
may be complete without it, is rather to be pitied than . 
argued with. 

It was observed by Electricians many years ago, and 
they were generally persuaded of the fact, that the force 
of an electrical shock is greater, when the passage of it 
is long, than when it is short : and if so, it must rather 
acquire strength than lose it in passing to a distance; 
even through bard and solid matter. If this fact be 
true, it is not within the laws of nature, as hitherto 
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estaUisbed. Fliilosopkers have taught us^ on what 
terms a force once communicated may continiie thu 
same, and how it may change from more to less; buttiever 
bow it may change from less to more, without the ac- 
cession of some new force. When a planet is accele^ 
fated, as in its approach to its perihelion, this is nevet 
supposed to happen, but because it acquires a new force 
from the power of gravity. But here no such accession 
is to be discovered : on the contrary, a solid body is 
interposed, which ought to interrupt the force, and 
lessen it. The laws of nature, as commonly apptied, 
do not hoH in this instance : in the case of artificial 
Or violent forces, they may take effect! but under 
these the forces of nature are not comprehended* 
Art goes from more to less; nature from kss to more* 
This is most notorious in the progress and increase of 
the force of fire, from a single spark to the overishrow* 
ingof a city: the consideration of which fact so asto* 
liishcd that ingenious man Cadxoallader Ca&ieriy Esq. 
of New York ; that he denied the vis inertia to be an 
pnivcrsal property of matter. 

It was thought, and it has of late been re-asserted, 
because it is supposed to have received some new evi- 
dence, that gravity is common to all matter ; not as 
an effect^ but as z. power impressed by the Creator; 
or, as others have worded it, depending only on the 
will of the Creator; but here we have a sort of matter, 
on which gravity is not impressed, because it is indif- 
ferent to every direction; which matter under the 
power of gmvity cannot be. It will appear some time 

or 
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or Other, that the cause of gravity must itself be with- 
out gravity. It will farther appear, that no solid mat- 
ter whatsoever, either moveth itself or is moved bym- 
pressed virtues s but that all matter which is solid, 
is moved by other matter which is fluid; and that 
this is an universal law of nature, to which there is no 
exception* If gravity were an effect without an im- 
pelling cause, it would stand. single in the world, and 
contradict every thing else. For all motion in matter, 
so far as it is understood by us, is found to proceed 
from the motion of other matter; till we come to the 
first cause; and it is neither philosophical nor rational 
to suppose that the first cause is the immediate cause 
of gravity, till we are able to shew that no other cause 
is intermediate* Does it not appear, that gravity is a 
material force, from its being subject to a mechanicat 
law ; I hiean, that law, by which it is added to itself 
by equal portions in equal times? That which is 
immaterial is not subject to be measured by time 5 
therefore gravity is from the force of something, which 
acts in time^ and is measured by time; that is, from 
some matter : and the world can shew us none so ade- 
quate to the purpose, as tha,t which js the subject of 
our present enquiry. 

' All I have here been saying agrees better with the 
doctrine of Nexvtony than with that of his followers. 
The ingenious Dr. Hugh Hamilton of Dublin (whose 
cruel death has of late been so justly lamented) con- 
fessed in his Lectures, that " it still remains to be de-. 
" termincd, whether these forces of gravity, and co- 
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** iiesion, arise immediately from the will of the Supreme 
** Being; or are the effects of some secondary or mechani- 
•* cal cause, which He is pleased to employ in carrying 
^ on the operations of nature. Sir Isaac y from some 
phsfenomena, was induced to suspect, that the immedi- 
ate cause of gravity was mechanical/* * Since this 
opinion of Dr. Hamilton was published, it has been 
asserted, in the name of the Royal Society, that the 
doctrine they now hold, is that of an impressed quality 
common to all matters^ which is to determine, con- 
trary to Newton himself, and Dr. Hamilton after him, 
that the cause of gravity is not mechanical, but an un- 
mechanical quality of all matter. I hope I do not mis- 
represent the worthy President : I do sincerely take 
this to have been his meaning: and certainly every 
opinion of the Royal Society deserves respect, because 
it is theirs. They are a learned body, to whom people 
who are less knowing ought to look up for true doc- 
trine in philosophy : but I cannot, against the doubts 
of Newton himself, acquiesce in their doctrine of m- 
pressed qualities; which, supposing there are such 
things, enable inert matter to act upon other matter 
zvithout touching ! I am glad this doctrine was never 
put into the articles of our faith; for I could not have 
received it : I can as soon believe, that every brass can- 
non brings its own powder with it from the foundery. 
But though I say thus much, I am nevertheless per- 
suaded, that many who did believe the doctrine of im- 

* Lectures UI. p. 86. 
t See the Discourse of the President^ November ^O^ 177^, p. 4. 
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pressed qualiliesy and argue for it, were persons of 
good meaaing, and great learning: particularly the 
^hmons Dr. Bentley, who consulted iS^^tt;/o» upon it, 
and was told that the notion was an "absurdity. * No 
small nonsense has been engrafted upon Ntxatens and 
I may add, no small wickedness : for even Atheism 
has sought a shelter for itself under his nan^e, and 
would willingly be thoiight to partake of his wisdom^. 
But his principles, as he delivered them to th€ world 
himself^ arc mathematical principles only. Even gra* v 

vity is used by him as a mathematical force; into the 
physical or metaphysical consideration of which he 
never professedly entered. Others did it for him; and 
then put his authority to their own opinions : so that 
if I am making any opposition, it is not to him^ but 

to them. 

Ever since I practised Electricity, I have argued thus ^ 

with myself: that attraction^ as observed in Electricity, 
, is no impressed f once ; because I try it on the air pump,^ 
and I find, that when I take away the air, that impres* 
sion is gone, though it is tb^n most at liberty to act 
and shew itself I argue again, that attraction cannot i 

belong to the solid parts of matter, because I take the 
light shavings of amber, the most attractive of all elec*' 
tries ; and 1 find that the same particles which were a/- 
tractive in the mass, are now attracted in the parts, like; 
those of any other body. I therefore conclude, that aft 
the same substance cannot be both active and passive in 

* See his Letter to Dr. Rmtfty, fA the ^h vol. of Bidoji Horsley*^ 
edition of .A^iKMt^xWiOxk&i ... 
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its cmtetitution, the cause of its attraction must be 
something not inherent in its parts, but adventitious 
*r external to its own nrntt-er. Having got thus far, I 
make a transition from the force of Electricity to other 
forces; and I still conclude that as this alttraction is 
not in the solid parts, but i-n something itdventitiousj 
the sarric *iH be the case vfrith other attractions; and 
ill upon this principle, that nature is uniform in iti 
^eraticxM and laws; I therefore go- on to conclude 
the same of cohesion, chrystallizatibn, the action of. 
liienstnrams, chemical elections fcc. &c. How sub- 
tile the cases may be I care not, nor how disguised bf 
tvords: the quality called attraction alwaysi was d 
^antofti from the beginning, and I believe no more 
^it, than I do of the stories about ghosts. 

I say farther, that if I can prove attraction to be 
from an exteriial cause in any single instance, I may 
think the same of it in <jvery other instance, whether I 
can prove it or not: and I shall think rationally, be- 
cause ! think consistently. Oa the other hand, if any 
l^efson advance any one sort of attraction, with an ex- 
terior cause, he must extend his' principles to every 
o^er case in natunc to make nature consistent. But 
in this he ,will never succeed ; and he may thence in- 
fer, that his principle was not right at the beginning. 
Jf any learned gentleman can suggest to me a better 
i^in of iseasoning, than this into which I have fallen; 
I will hear him with patience, and go over to his side 
of the question. I have no attachment to any thing, 
coasideced as mine: aU the philosophic hmc in the 
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, world is.no pbject with me; let Dr. Priestley have it 
all, who has beeji courting it for so many years. But 
truth is a great object, and the more so, because truth 
in one subject breeds truth in another, and vice versd. 
The argument I am now pursuing, may be extended 
to Kepler's LatVy which is known to obtain in tfie 
heavens^ and confirms, all I have said, : For as' it was 
observed above, a mechanical law must be the law of a 
. mechanical force: if it measures matter^ it must have 
matter to measure; for spirit is nQt the subject of ^ 

geometry. Any mechanical law will certainly suit 
better witb the force oi z fluids which is mechanical, 
than with the force of a quality which is unmechani-' 
cal. What Kepler himself might have produce^d out 
of his own law, if instead of his old speculations he had 
been guided by the new discoveries of modern times, 
it is above me to conjecture. Whoever reads his' Epi- 
tome of Astronomy, will find that his head was filled 
with the mystical idea of attraction from Gilberfs 

j Magnetic Philosophy ; and his mind much given to 
fanciful speculations on geometrical solids/ Biit so it 
came to pass, that out of all his fancies that wonder- 
ful discovery emerged, which is the foundation of 
modern astronomy. 

I observed to you at the beginning of my first letter, 
that the science of Electricity rose up in the world at 
a remarkable time; and so you will think, if you con- 
sider it. Newton had found,, that the heavens con- 
tain such matter, as cannot be discovered to make any 
resistance to the celestial motions:, which is reasonable 

and 
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and. true ; tor the cause of motion, whatever it may be, 
will never be found to resist the motion which it 
causes. But his followers Went a step farther, and 
emptied the heavens of all their n^atter. Things were 
in this state, when the new powers of Electricity broke 
in upon us. You may think they came at the moment 
when they were wanted ; and so I think : but if we 
were to judge from the.little use which has been made 
of them, they came at a time when they were not . 
panted; when those who were most learned in philo- 
sophy, did not know what to do with them ; as suppos- 
ing that the whole. business might be done without 
them,, and that they could only stand in the way and 
be troublesorjie : for new governors bring new laws; and 
new discoveries, ^o different from the old, will bring 
new thoughts: I wish Newton had seen, them: he 
would have pursued them, and brought something 
great out of them. But without him, who dares to 
begin ? and if he docs begin, who will thank him for 
his labours ? for labours of which the world feels no 
want ? Thus it hath come to pass» that Electricity has 
given us no new principles : in that respect we seem to 
have been at a stand for many years: if we have been 
progressive, it has been chiefly in the application of it 
to the cure of bodily disorders, where it has been of 
great use. In this capacity I shall therefore speak o£ 
it in my next letter. 

lam. Sir, &€• 



January 15, 1797. 
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.MONG *hi remcdfes of disease*, theri 
k a dass whicli may be called pAilosophiGd ; by whicft 
we n^an, sHch remedies as are independent erf the apb- 
tiiecaries dnigs^ and tke sUrgeom iDstruihents, knd 
coixsisf chiefly in the proper ude of the ekments^^ l" 

These being nearly related to fche powers^ of life, majf^ 
ftasQjQtably fa^ expected to d^ s^uisk good oar mudi 
&arm. Th^ qualities ntost obviolii^ in the elemeht« am 
those of heat, cobi, ihoisture, dr^Mlss ^ A6arly related to^ 
which are:di!et, 6x6rdfte and clothing. Heat iand cbH 
aare pawes&% applied tn the forrh t)f the hot and qoM 
bath; to which the vipmir-bath has of late years het)^ - 

added widi gregt effeiE:! : btiit on^ of these toust fiol be* 
undd when another is mo(re proper. The natives ol 
AmdsksLy iAten the coiuntry was firs^t discbVered, had x 
netfhod of curitsg fet^is by sweat iiigy fint in ^ h6t 
f Q9m9.a39Kl thes.phingiiijg into cx^ld water t the inAenti^tt 
<£whxeiiwas, fiisfctol^ the e^ieaiy out, and then tes 
slmfctlxc dbor iipan him. Buit whctl theis&poor peo^ 
]^e appKed their dbd method to the small pox, di^ 
Ijfled nstead ci curii^ themselvie^ Dryness of the 
air is generally wholesome; whence ^t lididDfttaots of^ 
mountainoias countries aie more hardy than those of 
rallies and marshes* Yet moisture is in many cases 
serviceable; but cold moisture draws off the animal 
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hcaty and diml^iislies the vital powers. Neaar to the 
jB^a if there i& a qlean shore^ the air is more pure than 
withifl the land : and the mere air of the sea, frpn» 
^ome quaiity ruj^t perfectly understood, ha& 3^ 
specific power in removing severe coiighs which will 
xu>t yield to niiedicinej as I found by experience 
twice in the course of my life. Ju coxnnxoda naeats anc| 
drinks there is nothing of medicine; but the proper 
MSG of them is of the first importance ^ for which causQ 
the dietetic part of physic is much studied by physi- 
qidiBi$ and weil understood. Often might sick personal 
^ itlieved by the observance of some pk»in reginiea 
Vithoij* the iise of a single i^edicine : and the remedjf 
has two ^vantages > it is cheap and it is lasting. But 
hpw and when sh^ll we give wisdom to the idle ancj 
the initempejate ? 

in the , subject of our clathing we have now some 
knowledge which is entirely new: for the g^rnaent* 
1^ wear aire disdnguisliabie into electric and noD« 
electrici th^ effects of which iipon the body are esseq- 
tidily difieient; for th^ fonner retain its natuT&l heat^ 
2gid tlie I^^tea^ draw If ^. ll^o land-aruma)s m g^n^ral; 
t^ Q)?^<^ in his f^'isdei^ a^d ^uixty hath give^ s^ 
sgrt of eowrifii^ ^icfe teeps ftp a^d keeps in tlie^ 
l^t of th^ body;, v^d coiiBimoa senee teaches i^^ tO; 
b^row it from ^ anio^l* ^ whi^h \t is ^Hm... . HWi^j 
w^^ ietbth^qs, silk^ ^^e fuaao^jthe siibstaapes which, wc^ 
Cfiftc^trifit How pr^fiid- 9n^: vai# ^r? ni^ea si^wq- 
mfit^ whm they aiqe $:>9tl>ed- Writh ^jfijlc 1 btOt the first, 
use of silk is to preserve warmth to a poor worm in 

its 
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its intermediate state. Linen on the contrary is Coldl 
because it is taken from a vegetable, whose nature it i^ 
to conduct land, carry off animal heat. Electricity hai 
taught us to reason well about these things, and con- 
sequently to act with more safety and propriety. Many 
chronical disorders' have been cured, or very much re- 
lieved, by the wearing of flannel next the skin. The 
feet is commonly known; but the reason is now better 
understood. We know not of a single annimal but 
man, that wears a non-electric next to the body. The 
first clothing man made for himself was taken from a 
vegetable: the first clothing the Creator made for him 
was of skins.* It is very observable that hair and 
wool, and feathers and silk do not easily take fire : they 
kave it already in their constitution : but linen of all 
kinds receives it readily, having less of its own. It 
therefore makes good tinder, which can never be made 
of silk, hair, or feathers V touchwood, which is natural' 
tinder, is also from a non-electric. In short, the new 
principles of Electricity have taught us to account for 
these differences, and the subject of human clothing is 
become at once curious and useful. The sensations 
also with which various animals are affected on 

• 

changes of the weather, are now better explained than 
formerly, since we have known more of the changes 
of electric fire in the atmosphere. For the barometer 
alone, as indicating only the different weight and super- 
ficial pressure of the air, cannot account 30 well for 
that inactivity in the niuscles, and those paiUs in the 

• See Gen. iiUl, 21* 
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joints, which different states of the atmosphere pro- 
duce in us : but minute changes in that fluid which , 
acts upon the internal parts, or whole dimension of-, 
bodies, and has power to penetrate the frame and shake ; 
the bones, may be adequate to all that happens m . 
this way. 

; On all the foregoing considerations, we have reason 
to w^sh, that Electricity may never cease to be admi- , \ 
jiistered as a philosophical remedy, under some form or 

} pther. physicians have said much on what they call 

the non-nainrals; by which they mean such things 
as are exterior, apd not of a medicinal kind. They have 
reckoned them six in number : this new power may 
now be added to them as a seventh. 

There are five different modes of applying it. The 
iirst is a communication of it to the whole frame at 

^ once 5 which h what we understand when we say a 

person is elettrified. The second is under the form 
of a spark svfhich may be stronger or weaker, according. 
to the poweF of th^ apparatus or the intention of tlic 
operator. The third is the friction or flesh brush ; of 
which method there is a good figure prefixed as a fron- 
^ tispiece to Mr, Adams's Essay on Eleclriciit/, designeii 

by an eminent artist. The fourth is that of a topical 
brush from a pointed wirej or a point of wood, which 
renders the brush more soft and gentle. The last is 
the electric shock from the circuit of the Ley den bot- 
tle. The spark is the form I commonly prefer. If ' 
strong, it may be received at any point of the body, and 
discharged at any other point; in which case it cer*. 
tainly passes in a line from the one to the other. 

The 
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- 7^ clectnc fricdon^ or fl^ste brushy is ati eikcelklit. 
form for rheumatic pains and pimlytic alfecti^ni; ' unA 
it occasions a thrlHing. sensation^' by whidi ib^ ipmi4 
are remarkaibiy raised at by a oordiak But to (^^i»fife^ 
where the i^t?ci« is jn-optr^ it is the shef^^a.u<iiOfJ 'ft 
completely restored the use of the limbs the fij^t tim^^ 
J had air opportunity of trying it an an hetiii^tegla : 
biit the party was young, and of a string ffame^ «liSf 
the disordier arose from an accidental cold. Agues, ^fle# 
aeBisting the bark, have frequeftlly be^n cured by if; 
Medicines are remarkably forwarded iii tbeir iO^Mtiori 
by the use of Electricity. A blister may be made to rui^ 
which did not ran before ; and a cathartic, if slow may 
be made quick; sometimes very qtaick; WhSdi ttm^ 
he useful to know in case of a «tGppage- It k thsse only 
itrmedy for gutta setend., and vcYy 6ften sti^<^eed*. The 
llmd is generally used for gutta ^rena, I would oB-^ 
serve upc^n the wfeole, Chat if a complaint is receiM! and" 
the patient youngygreat things may be donee if the cottv* 
plaimt is recent and the patient i^ot ybuAg, ^ohie^hlrig 
may be d<JQe* Buf if tbe c^mpla4nf is 6f long staiKl- 
iiT^ and tbe patiejst ilot y<3u*^g, litrte ea«i be dories yet 
even then there are c^ses, when an application 6l this 
itfmedy may palliate, and therefore be worth trying. 
It is now so far adopted by medical gentlemen, tfeat 
aai electric mad^ine is reckoned a necessary part of the 
apparatus in hospitals ; and naany surgeons are furnish* 
cd with of^e in the cotiatry ; the ordinary use of which 
is in paralytic cases. It has been hinted to me bow- 
ercr that the cobwebs are too seldom bnisllcd off from 

hospital 
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hospital machines, and that the general answer of the 
faculty has been, they are too old to go to school 
agam. It may certainly be extended to many other 
disordets with advantage : and the practice is in the 
hands of ingenious men, who make proper observations 
and keep journals of their proceedings in this part of 
phil(»ophy. Many extraordinary cures have been 
peifonhed by Electricity, and several cases have been 
read and published by the Royal Society ; but how it 
happens that physicians know so little of this wonder^ 
ful power, i am at a loss to account. Every year pre- \ 
aents some new empiricism to them, which rages for its \ 
time and is buried m oblivion. Magnetism has had \ 
its advocates, hemlock, inspiration of medicated airs, 
and now the vitric acid, and the tractors ; but the 
cures by Electricity stand uncontested » and the cases 
published (as a sequel to George Adamses Treatise) on j 

medical Electricity are so strong, that no doubt can / 

arise. 

But unkss a man has a mechanical turn, and is per- 
fectly master of the instrument, he will so quickly put 
it out of order, that his experiments will stop. If a 
man would perform on the violin, he must know how 
to keep it in tunei and although many symptoms of 
a disorder may be relieved by th<? accidental applica- 
tion of Electricity, yet in the hands of a p^rsoa skille4 
in the anatomy of the body, and the c^u^ ^nd seat 
pf diseases, much more may be expected. 

Xhe modes of applying it may be so varied, th?it t<^ 
^ ob^efy^r it would appear more lik^ magic than 
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science; yet a11 the modes are to be reduced undir 
three heads. The stream which passes from a pointy 
the spark which flies fropi a h^H, and the shock of the 
Leyden phial. Jt may be extracted from the foody in 
the same manner as it is directed towards it^ by insnlatT 
ing the patient ; or two sensations may be prodace4 
.at the same moment, for the stream may. be |}irected 
in at the eye from a glass-handled direcfor with apointi 
^nd sparks may be drav/n from any other pfut by upr i 

flying a metallic ball. i 

. I would not infer that in sp liberal a profisssion 9; 
.{nedicine, the desire is not to cure, yet wheiil jiear the 
far greater part of a faculty speak l^nst so powoful 
an application, ^^hout having any knowkdgcr af al| 
^fit; ^nd when the xnost skilfiil must acjctiowledg^. 
they have seen good arise from it, where it was ieast 
fxpected, I am led to suspect then is a cause to su^ 
press it. It wask many years . before James's Pow^ 
was prescribed by the College, and even now a spurir 
<nis substitute is introduced in lieu pf it at' the Apo- 
thecaries Hall, under the title c^Pulvii Antimoniaiit. 
Electricity however is more likely to become a bandi 
of surgery, because it is a manual operation; and-sur^ 
gery is making hasty strides towards imptuv^tn&n^. 

I say no more on the application of Electricity M the 
Microcosm ; that is, to the system bf the humsui frzime. 
If we can apply it with any success to the Macnoecffmy or 
frame of the world, we shall make a new step rn philoso- 
phy : and this is what I shall attempt in my next letter. 
> Dear Sir, ever yours Ac. 

Jan. 17^1191, 
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HEN t^e bring Electricity- info a 
chamber, we know what we are about to do with it: 
but wken we bring it into the Jxior/rf,* who can say 
what it does, or what It cannot do ? Before we can 
proceed upon this great question, it is to be remem- 
bered^ that the principfes of every science lie within 
diat science itself} as the elements of every language 
are to be found in its own alphabet; Otit language' 
ghres help toward the knowledge of another \ so are 
afl the sciences related in like manner T but we are not 
to apply to one science tor the principles of another. 
When philosophers amuse themselves with the balanc- 
ing of weights, or the striking of balls, they are very 
ihgentous men: but all this^is the work of art; from 
which little can be gathered concerning the ways of 
Nature. If nature is to be explained, we must apply* 
to- nature itself; the principles of which have of late 
been scf much farther opened to us by the discoveries 
in Electricity, that f shall take them chiefly from thence, 
p and apply them in such a manner as I think you will 

easily Comprehend. 

• The farther we inquire into the* ways of Na- 
tore, the -more* clearly we shall see, that one grand 
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principle is every where at work ; which is th^t of* cc^-« 
trary motion in two contrary powers. You must have 
seen something of this already- from tMe foregoing let- 
ters ; for it is no where more conspicuous than in the 
experiments of Electricity: but the same principle 
meets iis everywhere. Who would attempt to ac* 
count for the eddies we^ pbscrve in magnetism, with- 
out supposing two such powers? We can neither sea 
them, nor can we feel them, for we are not made of 
iron- If we speak accurately, we must not say that 
these povvers are iqt iron or the loadstone; but that ' 
the powers themselves are in nature, and the effects of 
then;^ in iroxi and the loadstone. It is easy to prov^ 
this; fgr let a simple bar^f iron be any where, placed 
in.4 vertlqal position: two powers are immediately 
found to act upon it>, which cannott belong to il!lel£. 
Xh^ top of the bar draws the north end of the needle^ 
and the bottom draws the south.end* To prove that 
tbf^se powers are not m the iron but adventijiious to it, 
invert the bar; and the same end which in its former 
position drew the noith end:. of the needle> will now 
draw the south end. What happens therefore is not 
ifrom the iron itself^ which is^ a passive body^ but fron> 
some occult circulation in nature actk)g upon it^ 
which is constant and regular ia nature, but variably 
in the iron. The like cfTects will follow, if the two 
ends of the bar which before were vertical, are alterna* 
tely placed north and south in the direction of the 
magnetic meridian. These ^ wonderful things are 
broi^ht rto pass by two powej:^,,whicht though, con— 
trary in effect^ are one m kind, ^ ^ 
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In the body of man, it is now universally known^ 
that life is kept up by a contrary motion : and the in- 
genious Dr^ Wvodf€drd took great pains to shew, that 
the seat of life is where that motion is; I mean in tbe 
biood: in which doctrine ht is followed by the latb 
3/n John Hunter. And if from the body of man we 
ntutke a transition to the body of the earth, we observe 
alike reciprocation in its winds and waters; in the 
breezes of the land and the sea ; in tides and currents ; 

* in the cold of the poles and the heat of the equator. 

All things are going out, and all things are coming in; 
and the returns being equal though contrary,, nothing 
i$ stopped, nothing is lost or wasted. Whatever others 
may find, it is in this certain and wonderful analogy 
that I have found the philosophy, which has always 
be^ to m<^ the most satisfactory. ^ ^ Let us only con^- 

\ tinue.it to the Heavens, where it must prevail if Na- 

tuce is consistent, and we shall h^ve all we wanti 
with the application of whicb> we may proceed as far 
^ we can wish, or at least as far as we ought to ^ish^ 
tinder the present imp^lGbct state of human know-* 
ledge. . . 

What strange effects two contrary powers will pro* 
4uce,wc have already seen, frotb the example of the 
little revolving electrical globe. We see that Situa* 

.'* Thiiprincipfe of conitrary motion^ as produced by the inter- 
changes of heat and. cold, hat lately been opened and applied with 
great truth and ingenuity by Count Rmfwrd in his 7 th Essay. Heat 
ahd cold' are two of Nature's -hands: the contrary powers of Elec- 
theity are two more; and there benaay oihcrs constantly at work«j 

ted 



*ipd between ode of them, which brings it forward, aild 
aootber, whichi drives it off; and thehr joiat actioA upoti 
it carries it round. With, which soever o£ these you 
may think it proper to begin, the soltttion comes to ther 
same : for whiie. the lepeQing cause acts on one side, 
to tmrn away the point electrified, the attracting cause, 
brings.a fresh point fbrwaid;^ and thus the globe (Ex- 
hibits a rotation round its own axis^ and a revoluftion 
in an orbit. The &ct is undenlaUe, and the caniises aie^ 
undisputed. - 

If, for the sake of illustration, it be lawful to whip a 
^inted top, and gather from thence a good reason why 
the sun looks white ^ we may also be allowed to axgue 
f):omthis> little sphere and its motion, to the great ball 
of the earth. , In our present state of existence we aie 
under the necesMty of learning great things in tlw 
childish manner from little ones: and we ought not to> 
be ashamed of it, for we cannot otherwise conceive 
them. I have therefore often amused n^self, wd I da 
so to this day, with considering my electric apparatus 
as a system similar to that of the Heavens^ where the 
sun is the grand electric globej^ exciting all things to 
an active states while the earth and its atmosphere are 
conductors, distributing and applying to all bodies* 
contained within them the foree^ and life they derive 
from the centre. Kepler formerly considered the 
sun as the great magnet of the world,, with an attrac- 
tive side and a repelling sidci qid that by the influence 
o{l)oth he can[ied things fqrw^d ; but we are now upon 
better ground tlian he was. We have realities be^iio 
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lis, and have lio need to call in occult qaalitieS to oi|r 
ftid. For if the sun be the beginnii^ and end of a ciis- 
culating matter in the Heavens, then will evciy orb, 
however it may be placed ^ be situated between twp 
-powers; in which situatioiiit cin no more continue 
fat rest, than the iittle sphere between the two powers 
of Electricity. Gne of its bemisphws will be toward 
the sun, the other will be away from it: cohsequenlly 
the one will be in light, the other in darkness; the one 
will be hpated, the other will be cold : they will there- 
•fore be in two different conditions. This nature ne- 
ver permits, without an effort to restore an equilibrium , 
7»rhi.ch equiUbrium, if destroyed as fest as il is resfbred, 
can neyjbr lie r<ratored at all ; and the constant effbrt of 
■Nattfre Jfa eflfect it, produces a perpetual motion. If 
the tiyo powers are equally balanced, the orb between 
them will always move at the same distance, and the 
orbit will be a circle : if they vary, or prevail over each 
other aitematety, the prbit will be elliptical, and the 
^un will be in one of the fod. 

You will say perh^s, that this solution may be ad- 
mitted in the case of a primary planet ; but what are 
we to do* with the secopdaries? For we refer the prir 
mary orbs to a sotn-ce of 4ight ; but the secondaries to 
an opaque body; and must not these cases essentially 
differ? So it was thought, and very rationally, at the 
beginning of this century : ]:)ut Electricity hath now 
taught us, that the effects are the same whether the 
central body be opaque or lucid. The little sphere 
will lefvohre round an ojiaquc body, placed at any dis- 
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tance from the elcctrk fountain. In the motion of a 

secondary orb, there is now no more difficulty than in 

that of a primary : and there is the same reason why 

•the law of Kepler Should' take place on the secondary 

with respcft to the - primary, as on the : primary 

with tcspect to the sun. We cannot indeed assign. any 

reason, why the progress, of a planet should be from 

West to Easti rather than from East to West : but we 

may presume to say, why the motion, when it has once 

•^aommenced in :that direction, will persevere in, the 

same; fr6m the causes which are known, to act upon 

.it. What these causes are, let ys now consider,. 

The earth, at its western, or ievcning edge, having 
been exposed throughout: the whole day to the action 
of the sun; and the eastern edge but ndw. coming out 
of the night into it; the e^^stern and western edge caiv- 
not both be in the same condition, This produces an 
inequality j which is all we want : for a force will theiicc 
be generated in the Heav£ns on the western side, to 
propel the earth in its orbit. And with this direction 
in the earth the most ancient account of the creation 
seems to agree; where, in order of time, it sets the 
evening before the morning; which is proper, if the 
first impulse commenced at the western side of the 
earth. The greatest agitation of the day being oa 
the West side of the meridian, there the power will 
chiefly act; and the earth will be moved toward that 
side where the action is weakest, But if ^his is to h^ 
effected by impulst?, you may possibly Observe, that it 
must require an immense imptdsiye forge to carry fpr^ 
ward with sp much velocity a body of such magnit;\idc 
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Hi, t)l5ittBi, But ihx t)HS ^flfthouliai^ilite? <5h JAi^ftn 
for thpugh ^ pi^n^t be to our cooccpti^ftjaa- iti^i^^ff^ 
iiltW^4y bp^dy i lit »>*!i knp#a to pl^i^^scpl^kja (Wft»t 

ipcU »f.»| i>eia44t4 jto at*^,.fcijii f^lWJlW' JnpijHnfttlp, 

. tbw.^i^ I must ^gf^sft^ l8f h0^hirig mote! tijah J< 
Wy >s^ti;)i ef:Qf»epf IbjB first, aflfi gF^t^st qpeic^tion* 
M the :WUV€»eJ but of tbf (principlfi$i iiac gro^si xiA 
WJbicb kgfies, I hayfe m> doubt. . iW fowpR i^pkyed 
. \mf% 4ie ftpil^' of tH^mjpjptrtioiary i buJt ^'edi^ a«d n^ 
fie?w*y, ai|cU4eq»a^v t W-thfy .Ai^;nfi€?spafy,.bi>r 

tfw,.«tppK*'^^U lifSt JsaiHik^ tft Arise ifofii any/rio,- 

^gesibosD mocr to.k9s$ ;whelt:liS' tiifli iJDiiccs of na4tite'4||i 
{fronvlis^ to moic* Yotnlurtre a fdimliar'})foof .^thi^ 
, doctrine ieveiry Uite:ifc.1pi)d^ isl'thitowli u^ .A 

. Vident. forte cirric»' k u|h whjch is . greatest at likst i ^ 
. natural ^6i»ce bnog& it dowJH whtck ss greatest at tot 4 
^AodiifiiiirehturfiD add» t;hat: ifrthecattb could 'be 
atopt inks toiirse) its inotioD^ wbecf tlil^.obstatlei ^^^ i«« 
- saaovwd; wodki be reiMmd* on its own pviiKipfes: be- 
tpuise a body, sitodtod under such^ circtrntfttancee as the 
. tartlt iftv cabnot remain at tciU . .I. . ' ; 

Iflain as these principles are, I wiH call him <^ne of 
the most ihgenioua and knowing amongst mankind^ 
irvho shall be able to colkct the necessary data, so as to 
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bring itus a^r to a ddcuktion; T^M-panMistti'xii 
lihe earth -s axis, aiid the oWiqtii^y of.the ecliptic,- 
foittjiilg 90 ineatly the M^t-mgh'^ ii91 -times with the 
eqttttbTi must rej|air6 wch-ii bdimciisg of fxiwers^ ai 
w^'CiUi never hope fo comprehend inevetthdessltan^ 
Miily bcdieve^ that the poweB/ ofViihich I-* hahre beeif 
treating, are adjusted with th^ utttno^lf exaetniss'to the 
ibtencfed efTeet^* And to my* understatiidihgy ki^'dl al«* 
if^aj's be more easy to conceive/ ho w sfti efi^^ of aii)r 
kifed* may be brought fi> fti$s,mik natural ^Matis^ than 
imtkiftit^ them^ Thie ve^ eccentric motion dS ar co^ 
inet >■ is more agreeable to the effect' of ttn ^etecti^ 
|Mw^^ than of any other j)ower we are ^ulriinted 
itfith. Whb hath ever yet s^pekitd'to kno# ^mifi^ 
isomes of4t in the superior {mrt of its drbh ? i ^wamM 
not depredate tlie kboursbfiesi^dmen without %tmh 
f^oott reason^ wiDr. ^Ta/Z^jif bestowed^ much time and 
^leat kfaow in wdrkihgrupoh the ekmeiyts of cometarjr 
;4)ifritis, md thongfat dbe had nedu'ced them to a* System 
Spv tise. faoRik of ;klV p<»sienty : but } belies it 'has 
i^fefiibaeriibuad by espeiieiKerthat they have been of 
.:mjf real vx in ^si!n>nemy. I have more Atisfaction, 
«d|i4%hink^ itcmof^tts tfaepuifposeef physical astronomy, 
j^in^ isee a light body so nearly imkating (as it often 
hiippens) the motion of a comet about a» electric con- 
diji^|or;'^&rst'apptioaching; then partly >uifounding, 
. then flying off from it, without fisst falling into- icV . A 
phsenomenbn >so similar directs us t& a cause, ' better 
accommodated to the motion of a comet in the hea- 
. vcns, thaA any hitherto assigned by the learned. 
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.; Soloag «s t|ie natartirtwarid g:oo»Ofli,jp4lftj *^[^i 

the siKi>i> jfasitfael ^dents fhri4 :L^ %»> bt^lj^^il^c^^off^ 

$m ithpt^* thfiicma o£ t&f^lWjiis^ ^(^fip^c^r tj^e^blgix^ 
i^ accelerated .id tlie Mkitimii^jtk^ fj^QC^'i^a^ieyv^ 

•kMCt^dmt'tbdoi^tttfiS^ the ^ 

Umohrtionii : ^t white! t^c 4?5H^fiW ^£ ;$l|tCj^e^jfap| iwj^ 

4X>n&iuon,,AMe.feel m disqcc^er;. .hutall^oes pniOf silence 
for our good. Mankind^ ^c '^^y^ay^ QtsifQV\y of p^nc- 
tfating farther into the wonders of the solar systens* 
Telescopes, ever since the days of GaliLtOy have been 
coi>stant1y at >«rdfk to*ex|jteill iMiw<' mysteries, whkh 
an|4:^ and perpiej9;x?^'s understanding: and in conse- 
quence of this, we amuse ourselves with conjectures^ 
with little prospect of finding out the ways of God to. 
perfection. Different ages have gOhd upoii different 
principles. Magnetism bad its day : vortices were m 
great repute: gravitation (as a power impressed on 
matter) is now reckoned all-sufficient ; hut 1 think wc 

stand 



tUnSM tJHis'tdiw eir:^kber nA: fitmet ^otm^.-; J £^| 

:6wl (j^rt as tM piPMpktnuly^pcittt tre! towt rwi^. 
)«!f^ fb 'ke^^}«^(^g<^ dUBcnhBtt and* ol»s«i»riii(^ 
]fti' ^at- I%{^e dow^ Vlfrltteii tfr you;; t itmtt b«i ooiKtQftl) 
to pattdbi of tHe eoraitton^ j on jrhidk coitiidanliQrt 
1 rati^t b%t»f yoti to ac€<jpt wt^oaadoitof *iwt Iikaofft 
offered td'yb^ in gn*ii! feiMjdsWpj md t6 •dd.tOitoi 
£t>rrec^ ii^ «bs«iVatietos^ it you ahall' hsteaftct fiodL^i^ 
irSteioA.' ^ i5liglit ftrti ivApntfBit as aay sketch n»^ hwN 
beeW f aiti {>et^tRU$ed that '■ I Wrc<ket bcfore^g^. ^ 

btf Whl^ It • ^M tKthkpfr be h«rea(fta# €it^)Hr<jdi t^ 
ybur'dwn' ^liidm^, aiid the iinpro+waaiettt -of <*H«f 
contiemp^^tiv** tt*""- 'Wirti this t*jlcctiti«h 1 ¥id 
fare*el fot the present t6 you, as well as t6 this gte« 
"and curioiis isubjefct, and am, 

• Sir, • ' \ • . 
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